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SUMMARY 
In this thesis two types of exploratory research are reported. Part one 
deals with the compositional studies of an indegenous plant Murraya koenigii 
and part two describe the work of synthesis of some heterocyclic systems in fatty 
acids and organochlorine pesticides. 
CHAPTER I 
PART ONE 
Murraya koenigii (Rutaceae) is a medicinally important plant in India, it is 
being used for the dysentry, diarrhoea and bites of poisonous animals. Therefore 
the methanolic extract of the airial part of the plant Murraya koenigii were 
examined for the presence of flavonoidic compounds, using chromatographic and 
spectroscopy techniques. Presence of four compounds Quercetin-3-O-p-D-
glucopyranoside, 2-phenylbenzoic acid, P-Amyrin and P-Sitosterol were 
reported. 
PART TWO 
This part of the thesis describes the synthesis of long chain fatty 
heterocyclic compounds such as spirodilactones, isoxazoles, isoxazolines and 
organochlorine pesticides. 
CHAPTER II 
Long chain spirodilactones synthesized by the reaction of three fatty acid 
substrates, methylundec-10-enoate (I), undec-10-en-l-ol (II) and (Z)-octadec-9-
enoic acid (III) with malonic acid in the presence of manganese triacetate. 
A solution of the methylundec-10-enoate (I), malonic acid and manganese 
acetate in acetic acid was refluxed until the brown color of the reaction mixture 
was decolourized due to the reduction of "Mn^^ "^ to "Mn^^" producing the 
spirodilactone (IV) in an excellent yield. 
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In the similar manner the reaction of malonic acid with undec-10-enol (II) 
in the presence of manganese acetate in acetic acid was carried out, which 
resulted in the formation of two distinct product (V) as major and (VII) as 
minor. 
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Reaction of the (Z)-octadec-9-enoic acid (III) with malonic acid in the 
presence of manganese acetate in acetic acid resulted in the formation of two 
products (VI) and (VIII) in a moderate yields. 
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CHAPTER III 
1,3-cylcoaddition reaction of nitrile oxide, generated in situ by the 
addition of triethyl amine in diethyl ether to the mixture if methylchlorooximido 
acetate (XIII) and six different long chain fatty acid substrates (I, II, III, IV, V, 
and VI) gave compounds (VII, VIII, IX, X, XI, and XII) respectively in 
excellent yields. 
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CHAPTER IV 
a,P-unsaturated functional group of the 4,4'-dichlorochalcone was 
derivatized to the target compound (IV) in three steps. Step I, compound I was 
converted to the compound II by the reaction of chlorobenzene in the presence of 
anhydrous aluminum chloride. Step II involves the a-chlorinalion of compound 
II. In the step three ketone group was reduced to hydroxyl group by sodium 
borohydride leading to the formation of compound IV, which can be used as 
potent organochlorine pesticide. 
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INTRODUCTION 
The chemistry of natural products is a wide and distinct 
field and concerned with the enormous variety of- organic 
substances accumulated by plants eg. alkaloids, amino acids, 
quinones, terpenes, coumarines, flavonoids, fatty oils, steroids 
and anthocyanidins etc. 
The field of flavonoids is one of the most fascinating areas 
of "Natural Products Chemistry" Flavonoid compounds have always 
been the focus of attention of inquisitive minds. Hundreds of new 
flavoniods are being discovered every year from natural sources 
and many of them being synthesized. The study of their 
stereochemistry, physiological activity and biosynthesis is 
augmenting the horizons of this field. 
The term flavonoid covers a large group of naturally occurring 
compounds containing fifteen carbon atoms in their basic nucleus 
and these are arranged in a C^ -Cj-Cj configuration, that is, two 
aromatic rings linked by a three carbon unit, propane bridge, 
except in isoflavones in which the arrangement is C^-C-C-C. 
For convenience the rings are labelled as A, B and C, the 
individual carbon atoms are referred to by a numbering system 
which utilizes ordinary numerals for the A- and C- rings and 
"Primed" numerals for the B-ring. 
HO 0 OH 
HO 0 
Plavone 
HO y 
Plavanone 
Neoflavone 
Biflavonyl 
HO 0 OH HO 
OH 
OH 
Anthocyanidin 
M- H 
HO 0 
Isoflavone 
CHART-I 
The Flavonoids are classified on the basis of oxidation state 
of heterocyclic ring (ring C) and the position of ring B. The 
examples of some major sub groups are given in Chart-I. 
The main constituents of the flavonoids are 
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Gaber' has reviewed the recent trends in research on 
pharmacodynamics effect of flavonoids and claims have been made 
that flavonoids might be effective in combating certain types of 
cancer^. The potent use of flavonoids may be listed as heart 
stimulants'*, contraceptive^, antibiotic*, coronary vasodilators', 
spasmolytic ' and antithelmintic', oestrogenic^, antiviral', 
anticovalsant^, antitumor", broncholidator'^, antioxidants and 
inhibitors of blood cell aggregation". The importance of 
flavonoidic compound in the tanning of leather, the fermentation 
of tea, the manufacture of cocoa and in the flavor qualities of 
food stuffs is well established'*. The study of flavonoids in plants 
is of great chemotaxonomic value"''*. 
THE GLYCOSIDES 
The term "Glycoside" was adopted to embrace a large and 
remarkably varied group of organic compounds which on hydrolysis 
yield flavonoid(aglycone) and sugar. The non sugar part (aglycone) 
may include a wide variety of compounds occurring in nature. In 
the case of flavonoid glycoside this moiety is generally a 
phenolic compound. 
Glycosides can be represented by a general formula (I) where 
R stands for the non sugar(aglycone) moiety. 
(I) 
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Thus Glycosides are regarded as derivatives of sugars in 
which the reducing or the potential aldehydic group of the sugar 
is substituted by condensation with an alcohol or a phenol to form 
a hemiacetal. The oligo- and polysaccharides are also glycosidic 
condensation products of monosaccharides, one of the component 
sugars behaving as a reducing sugar and the other one acting as an 
alcohol. Glycosylation or glycosidation makes the flavonoid less 
reactive and more water soluble. 
Classification of Glycosides 
The classification of glycosides is based upon the nature of 
aglycones. The aglycones include representatives of many of the 
numerous group of hydroxyl compounds occurring in plants. 
All the flavonoid glycosides known to date may be classified 
into two main groups. 
I-Flavonoid 0-Glycosides. 
II-Flavonoid C-Glycosides. 
I~FLAVONOID 0-GLYCOSIDES 
Flavonoids mostly occurs as flavonoid 0-glycosides in which 
one or more of the flavonoid hydroxyl group is bound to a sugar 
or sugars by an acid labile hemiacetal bond. Commonly these 
flavonoids have a number of hydroxyl group on both the A- and fi-
rings. The flavonols, flavononols and anthocyanidins have a 
hydroxyl group at C-3. The flavonols constitute the largest and 
most variable class of flavonoid glycosides. Usually the hydroxyl 
group at C-3 is glycosylated. In flavones and flavanones 
glycosylation occurs mainly at C-6, 7, 8, 4' hydroxyl groups and 
occasionally at C-5. 
In the study of glycosides, the linkage between the 
carbohydrate and phenol is most important. Carbohydrates consist 
of pentoses, hexoses, disaccharides and trisaccharides. 
1. MONOSACCHARIDES : 
It is found that ten monosaccharides occurs as the component 
of flavone or flavonol glycosides, which are listed in Table-l. 
Amongst these ten monosaccharides, arabinose occur in both 
pyranose and furanose forms while the other sugars are only in the 
pyranose form except apiose. 
Table - 1 : Monosaccharides of flavone and flavonol glycosides. 
Pentoses Hexoses Uronic acid 
D-Apiose 
L-Arabinose 
D-Xylose 
L-Rhamnose 
D-Allose 
D-Galactose 
D-Glucose 
D-Mannose 
D-Galacturonic acid 
D-Glucuronic acid 
2. DISACCHARIDES : 
There are many disaccharides but only twenty one are fully 
characterized which are found to occur in association with 
flavones and flavonols which are listed in Table-2. 
Table - 2 : Disaccharide of flavone and flavonol glycosides 
Structure Trivial Name 
Pentose - Pentose 
4-0-a-L-Rhamnosyl-D-xylose 
Pentose - Hexose 
2-0-a-L-Rhamnosyl-D-glucose 
3-0-a-L-Rhamnosyl-D-glucose 
2-0-a-L-Rhamnosyl-D-galactose 
6-0-a-L-Rhamnosyl-D-galactose 
2-0-/3-D-Xylosyl-D-galactose 
6-0-a-L-Arabinosyl-D-galactose 
Neohexperidose 
Rungiose 
Robinobiose 
Lathyrose 
Hexose - Pentose 
4-0-/3-D-Glucosyl-L-rhamnose 
4-0-jS-D-Galactosyl-L-rhamnose 
Hexose - Hexose 
2-0-/3-D-Glucosyl-D-glucose Sophorse 
3-0-l8-D-Glucosyl-D-glucose Laminar ibiose 
6-0-^-D-Glucosyl-D-glucose Gentiobiose 
2-0-j8-D-Mannosyl-D-glucose 
4-0-/3-D-Glucosyl-D-inannose 
2-0-/3-D-Allosyl-D-inannose 
4-0-/S-D-Galactosyl-D-glucose Lactose 
6-0-j8-D-Glucosyl-D-galactose 
4-0-^-D-Galactosyl-D-galactose 
3. TRISACCHARIDES : 
Among the flavonoids only flavonols shows the presence of 
trisaccharides as either Kaempferol and/or quercetin or simple 
methyl ether of these aglycones. So far 17 trisaccharides have 
been fully characterized as listed in Table-3. 
Table - 3 : Trisaccharides of flavonol glycosides 
Structure Trivial names 
Linear 
(1) 0-a-Rhamnosyl-(l->2)-o-a-rhamnosyl 2'-Rhamnosyl rutinose 
-(l->6)-glucose 
(2) 0-/3-Glucosyl-(l->2)-0-/3-glucosyl 2'-Glucosyl gentiobiose 
-(l->6)-glucose 
(3) 0-/3-Glucosyl-(l->2)-0-/3-glucosyl Sophorotriose 
-(l->6)-glucose 
(4) 0-/S-Glucosyl-(l->6)-0-j8-glucosyl Sorborose 
-(l->4)-glucose 
(5) 0-a-Rhamnosyl-(l->4)-O-a-rhamnosyl Rhamninose 
-(l->6)-galactose 
(6) 0-a-Rhamnosyl-(l->3)-O-a-rhamnosyl Sugar of alaternin 
-(l->6)-galactose 
(7) 0-j8-glucosyl-(l->3)-O-a-rhamnosyl Sugar of faraltroside 
-(l->6)-galactose 
(8) 0-/3-Glucosyl-(l->6)-0-/3-glucosyl 
-(l->)-rhamnose 
Branched : 
(9) o-j8-Apiosyl-(l->2)-0-[a-rhamnosyl 2°-Apiosyl rutinose 
-(l->6)-glucose] 
(10) 0-a-Rhamnosyl-(l->2)-0-[a- 2°-Rhamnosyl rutinose 
rhainnosyl-(l->6) -glucose] 
(11) 0-^-Glucosyl-(l->2)-0-[a-rhamnosyl 2°-Glucosyl rutinose 
- (l->6)-glucose] 
(12) 0-/3-Glucosyl-(l->3)-0-[a-rhainnosyl 3°-Glucosyl neohesperir 
-((l->2)-glucose] dose 
(13) 0-a-Rhamnosyl-(l->2)-0-[/3-glucosyl 2°-Rhainnosyl gentibiose 
-(l->6)-glucose] 
(14) 0-/3-Glucosyl-(l->2)-0-[i8-glucosyl 2°-Glucosyl gentibiose 
-(l->6)-glucose] 
(15) 0-a-Rhainnosyl-(l->4)-0-[a- 4°-Rhamnosyl neohesperi-
rhamnosyl-(l->2)-glucose] dose 
(16) 0-a-Rhamnosyl-(l->2)-0-[a- 2°^-Rhamnosyl robino-
rhainnosyl-(l->6) galactose] biose 
(17) 0-a-Rhainnosyl-(l->4)-0-[a- 4°*'-Rhainnosyl robino-
rhainnosyl-(l->6) galactose] biose 
II - FLAVONOID C-GLYCOSIDES : 
Such glycosides are referred to as flavonoid C-glycosides in 
which sugar or sugars are directly attached to the benzene nucleus 
by a carbon-carbon bond. The C-linked sugars have generally been 
found at the 6- and 8- positions on the flavonoid nuclei. Due to 
their resistance to acid hydrolysis, the determination of the 
nature of moiety and its linkage with the aglycone have remained 
the most difficult problem in C-glycosyl chemistry. 
C-glycosides are often found derivatized by 0-glycosylation 
( at the sugar or phenolic hydroxyls ) or by acylation (normally 
of a sugar hydroxy1 ). They can be divided into two types : (i) X 
or (-X')-0-glycosyl C-glycosylflavone in which the 0-glycosyl 
moiety is bound to phenolic hydroxyl group of the flavone and (ii) 
-X'-0-glycosyl C-glycosylflavone, in which the 0-glycosyl moiety 
is bounded to an alcoholic hydroxyl group of the C-glycosyl 
residue. 
The C-glycosyl and 0-glycosyl flavonoids can be identified by 
acid hydrolysis. The structure elucidation of C-glycosides has been 
8 
simplified by the invent of '^ C-NMR spectroscopy, Mass spectrometry 
"''* and UV-spectral shifts. 
The 0-glycosyl flavonoids can easily be hydrolysed under mild 
acidic condition but C-glycosyl f lavonoids c:an't. One more 
difference between C- and 0- glycosides is of enzymatic 
hydrolysis. Only 0-glycosides undergoes enzymatic hydrolysis. 
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THEORETICAL 
Structure Determination of Flavonoids : 
The structure elucidation of flavonoid glycosides consists :-
i) Identification of aglycone and the sugar parts and (ii) 
Establishing their linkage. 
The problem of structure determination of aglycone is a 
complex one because of 
[1] Presence of more than one flavone in chromatographically 
homogenous fractions, and the subsequent difficulty in their 
isolation in pure form, 
[2] Insolubility in the usual organic solvents, 
[3] The difficulty in the exact location of 0-methyl group in 
partially methylated derivatives of flavones, 
[4] The intricate problem of establishing the interflavonoid 
linkage. 
Generally following methods are used for the structure 
determination of aglycones(flavonoids). 
A - Physical methods : 
[i] Chromatography (TLC, Co-TLC) 
[ii] Spectroscopy [UV, NMR('H and ''C) and Mass] 
B - Chemical methods : 
[i] Colour reactions 
[ii] Degradation 
[iii] Synthesis 
The structure of flavonoid glycoside is elucidated after 
partial or complete hydrolysis leading to constituent aglycone 
10 
and the sugar residues"'^ °. A short review of the above listed 
techniques is given : 
A - PHYSICAL METHODS : 
[i] Chromatography : 
Characteristic shades in UV light and Rf values on TLC 
provide fairly accurate method for the identification of type of 
flavonoids. The final identification is done by comparison of the 
compound with authentic samples, 
[ii] Spectroscopic methods : 
Among the physical method UV, NMR and Mass spectrometry are 
the dependable tools for the structure determination of 
flavonoids. 
Ultraviolet spectroscopy : The UV spectra of the flavonoids have 
been thoroughly studied and reviewed by L. Jurd^ ' and T.J. Mabry^ °. 
Ultraviolet spectroscopy has become a major technique for the 
structure elucidation of flavonoids for two main reasons viz. (a) 
a small amount of pure material is required, (b) the amount of 
structural information gained from a UV spectrum is considerably 
enhanced by the use of specific reagents which react with one or 
more functional groups on the flavonoid nucleus. 
NMR - Spectroscopy : NMR spectroscopy is a powerful tool in 
elucidating the structure of flavonoid compound and for 
determining the stereochemical features of the reduced 
heterocyclic ring in flavan derivatives. By the use of NMR studies 
of silyl derivatives^^, double irradiation techniques'^ *, 
solvent induced shift studies^ -^'S lanthanide induced shift studies 
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(LIS)^^, nuclear overhauser effect (n.o.e.) and '^ C-NMR 
spectroscopy^*, it has been possible to elucidate fully the 
structure of flavonoids occurring even in minor quantities without 
resort to tedious and time consuming chemical degradation and 
synthesis. 
"C-NMR spectroscopy : With 'H-NMR spectroscopy indirect information 
about the carbon skeleton is obtained. In ^ C^-NMR spectroscopy the 
carbon skeleton is directly observed because the peaks arise from 
all of the carbon atoms, whether they bear hydrogen or not. One 
greater advantage of "c-NMR spectroscopy is the wide range of 
approximately 600 ppm. for almost all organic molecules, complete 
*'C NMR spectra appear between deshielded carbonyl groups and 
shielded methyl groups in a range of just over 0-200 ppm. For this 
reason '^ C-NMR spectra are much more highly resolved than 'H-NMR 
spectra. 
As in 'H-NMR spectra, coupling between the signals of near 
neighbor atoms occurs in "c-NMR spectra. This is due to the 
interaction of the carbon with nearby protons('^C-'H coupling). 
However, because '^ C-'H coupling complicates initial interpretation 
of the spectrum, it is usually suppressed electronically to 
produce a "Proton decoupled" spectrum in which every different 
carbon is represented by one unsplit signal". In proton decoupled 
spectra, each carbon atom is represented by one line and its 
chemical shift is determined primarily by the electron density at 
that carbon atom. Thus the carbon resonances at lowest field are 
generally those of carbonyl carbons and oxygenated aromatic 
12 
carbons, whereas those at highest field will represent 
non-oxygenated aliphatic carbons. 
Identification of sugars : Although "C-NMR data are undoubtedly 
useful for defining the oxygenation patterns of flavonoids 
unknown, it is perhaps of most value in the definition of the 
sugar moiety and its substituents. This is specially true for 
flavonoid C-glycosides, the sugar of which are difficult to 
identify by any other methods. All commonly encountered sugars, 
whether they be 0- or C- linked give different pattern of "C-NMR 
resonance signals. All carbons of the glycosyl moiety resonate 
between 660 and 82 ppm. Additional substituents on these sugars 
are readily identified from the "c-NMR spectrum, as also are the 
points of attachment to the sugar (from the resultant signal 
shifts). 
Mass spectrometry : Mass spectrometry plays a very important role 
in evaluating the structure of flavonoids by fragmentation pattern 
relationship. The retro Diel's-Alder (RDA)'* is the principal mode 
of fragmentation in flavones and biflavones. 
Flavoniod glycosides : Mass spectrometry has been extensively 
used^ * in the structure elucidation of flavonoids C-glycosides. The 
structure elucidation of flavonoid glycoside is elaborated after 
partial or complete hydrolysis leading finally to constituent 
aglycone and the sugar residues. 6-C glycosyl show intense M-15, 
M-47 peaks, in their mass spectra. 
The position of sugar residue in a flavonoid aglycone can be 
easily recognized^'. Sugar attached to position 3 and 5 are split 
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off more readily than those at position 7, and as a result the 
molecular ion peak is of very low intensity or totally absent. 
The principal fragmentation pattern of perdeuteriomethylated 
flanvonoid disaccharide is illustrated in Chart II. 
B - CHEMICAL METHODS : 
[i] Color reactions : Various'*' color reactions are reported in the 
literature for the detection of certain structural features among 
flavonoids. The color development depends upon the pattern of 
hydroxylation and substitution. The reagents generally used for 
color reactions are mangnesium hydrochloric acid'', sodium amalgum 
hydrochloric acid'^ , wilson boric acid** and zinc hydrochloric acid". 
Ferric chloride oxidation of C-glycosyl flavonoid is still widely 
used to identify the carbon-linked sugar residue", 
[ii] Degradation : Degradation is one of the classical methods for 
the structure determination of flavonoids. It is performed on the 
micro quantities present in eluates and the products have been 
identified by paper chromatographic comparison with the simpler 
known compounds. In this way the various glycosides are 
distinguished from one another and , in cases where cleavage 
occurs, the liberated sugar(s), aglycone, acyl functions etc. may 
be separated and identified. Three types of hydrolytic treatment 
are commonly used for this purpose, acidic, enzymic and alkaline, 
a - Acidic hydrolysis of glycosides : 
Treatment of C-glycosylflavonoids is always used for their 
characterization. During acid hydrolysis C-glycosylflavonoids 
undergo Wessely- Moser isomerization and gives two spots on 
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chromatograras. Flavonoid 0-glycosides undergoes acidic hydrolysis 
under mild conditions. The time taken for cleavage of a sugar from 
a flavonoid-0-glycoside by acid treatment is determined not only by' 
the strength of acid, but also by the. nature of the sugar (e.g.' 
glucuroside>glucoside = galactoside>rhamnoside) and by the position 
of the sugar on the (flavonoides>4•-0-glycosides>3-0-glycosides"). 
Wesselv-Moser Rearrangement 
C Giycosy( 
<O>-0H i£ 
8-C-glucoside (Vitexin) 6-C-glucoside(Isovitexin) 
b - Enzymic hydrolysis : 
Enzymic hydrolysis is a useful method for establishing the 
nature of the linkage of a sugar to a flavonoid (i.e a or B). It 
also offers a method for the cleaving of specific monosaccharides 
from flavonoid 0-glycosides and so identifying them. Until 
recently, it has not been clear that specific enzymes can be 
employed for the removal of terminal sugar or for the step wise 
removal of all the sugar in complex glycosides. Useful enzymes are 
listed below : 
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(i) 6-Glucosidase - hydrolyses B-D-glucosides. 
(ii) 6-Galactosidase - hydrolyses 6-D-galactosidases. 
(iii)6-Glucuronidase - hydrolyses B-D-glucuronidases. 
(iv) Pectinase - hydrolyses a-D-polygalacturonidases.; 
(v) Anthocyanase - hydrolyses most anthocyanidin glycosidase. 
(vi) Rhamnodiastase - removes many oligosaccharides intact from 
glycosidase 
(vii)Takadiastase - hydrolyses a-L-rhamnosidase. 
[iii] Synthesis : 
A procedure for the identification of a proposed structure 
that has been of particular value in the identification of natural 
products involves the preparation of the compound by an unambiguous 
route. 
A more general synthesis of 5,7,4'-tri-O-methyl vitexin has 
been provided by Eade and Pham" in 1979 (Scheme I). 
Flavonoid 0-glycosides e.g. Quercimeritrin (II) was 
synthesized by transacylation method discovered by Nogradi et. 
al.*', which is useful for the preparation of partially blocked 
polyhydroxy flavones that have only one OH group capable of 
glycosylation. 
M e O ^ / ' ^ ^ O M e 
GLc(OAc)^  
OMe ZnO 
CH7OAC 
AcO 
^ e Aia3 
GLc 
GLc(OAc)^ 
COMG 
Me 
OMe 
MeO 0 
synthesis of 5.ZZ.^-tri-0-nnethyLV.tGxin 
Scheme I 
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'"Pyridine 
/ — / ^ ^ ^ Glucosyl 
COPh 
CO Ph 
ot Acetobromoglucose^ 
Gluino(ine/Ag20,NaOCH 
The Isolation and Identification of Flavonoid Compounds from Plant 
Materials : 
For the detection, separation and structure determination of 
the water soluble plant pigments, many fundamental advances in 
methods have been made during past four decades. For the detailed 
examination of complex mixture of plant pigments, chromatographic 
and spectroscopic methods are powerful tools. 
Most flavonoid glycosides are rather readily hydrolyzed by 
acids, care must be taken to prevent the decomposition of 
glycosides during extraction with boiling solvents, especially when 
fresh material is used. Rapid exposure of the plant to boiling 
alcohol is effective in inactivating hydrolytic enzymes but the 
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materials in the extract are still exposed to the danger of 
hydrolysis by accompanying plant acids. It is customary to carry 
out long continued extractions in a soxhlet extractor with the 
addition of a small amount of calcium carbonate to the liquid in 
the boiler. 
The ability of certain substances to form insoluble 
precipitates when treated with lead acetate, and the effect of pH 
upon precipitability, offers a useful means of separating or 
purifying many compounds. 
In general, flavones, chalcones and aurones containing free 
ortho hydroxyl groups in the B-ring, as in luteolin and quercetin, 
and their A-ring glycosides give deep yellow to red precipitates 
when their alcoholic solutions are treated with neutral lead 
acetate. After centrifugation and washing, the precipitate is 
suspended in alcohol and decomposed with a stream of hydrogen 
sulphide. After removal of lead sulphide the regenerated substance 
is isolated from the alcoholic filtrate. The filtrate from the 
original precipitation may be freed of lead with hydrogen sulphide, 
or basic lead acetate may be added to precipitate a second group of 
lead salts. These are decomposed and the products isolated as in 
the first instant. 
With the advent of numerous new chromatographic techniques 
viz. high performance liquid chromatography (HPLC), droplet counter 
current chromatography (DCCC), centrifugal thin layer 
chromatography, rotation locular counter current chromatography 
etc., the isolation and separation of intricate mixtures of 
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flavonoids have not only become simplified but have also 
considerably reduced the time required. However, simpler 
chromatographic techniques, namely paper chromatography (PC) , thin 
layer chromatography (TLC) and gas liquid chromatography (GLC) or 
their combinations are still in use. The choice of the technique 
depends mainly upon the solubility and volatility of the compounds 
to be separated. All these techniques can be used in micro or macro 
scale. Therefore sufficient quantity of most of the compounds 
isolated is always available for further studies. 
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DISCUSSION 
The genus Murraya (Rutaceae) consists of 18 species", two of 
which, Murrava koenioii and Murraya paniculata occur in India^ '. 
Murraya koenigii is a deciduous shrub or small tree found almost 
throughout India and Andaman Island up to an altitude of 1500 m, 
from south and east Asia to Australia as gregarious out growth. It 
is commonly known as Mitha Neem. 
The plant is medicinally important as its leaves, root and 
bark are considered tonic, stomachic and carminative*". Leaves are 
used internally in dysentery and diarrhoea and also eruptions and 
bites of poisonous animals^ '. The juice of the leaves are 
extensively employed as flavoring in chutneys and curries. Green 
leaves are given in decoction with bitters as febrifuge. 
The various chemical constituents of Murrava koenigii reported 
earlier are carbazole alkaloids****^ ,^ terpenoid alkaloids'"-*^ * mukoeic 
acid*° and saponins''. The absence of any record of work on 
flavonoids and their glycosides, prompted us to investigate it. The 
present discussion deals with the isolation and characterization of 
flavonol glycoside, sterol, terpenoid and an acid. 
Chemical Constituents of the Leaves of Murrava koenigii : 
The methanolic extract of defatted leaves of Murraya koenigii 
after purification by solvent fractionation was treated with ethyl 
acetate to give ethyl acetate soluble and ethyl acetate insoluble 
fractions. The ethyl acetate soluble fraction on repeated column 
chromatography (silica gel) yielded a flavonoidic glycoside. 
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The ethyl acetate insoluble fraction was chromatographed over 
silica gel column using organic solvent in increasing order of 
polarity as the eluent. Elution of the column with petrol benzene 
(1:1) yielded a white solid compound (WA-II). The fraction obtained 
with benzene-ethyl acetate (8:2) afforded white shining flakes 
(WA-III). The benzene-ethyl acetate (1:1) fraction yielded (WA-I). 
Characterization of Flavonoidic Glycoside (WA-I); 
Brownish-yellow needle shaped clusters, m.p. 215-217 "C was 
analyzed for C21H20O12. It gave pink color with Zn/Hcl and red color 
on treatment with sodium amalgum followed by acidification" 
indicating its flavone or flavonone nature. It responded positively 
to Shinoda test'' and Molisch test indicating it to be a flavonoid 
glycoside. A yellow color with Wilson boric acid reagent** and 
maxima at 256 and 3 50 nm in the UV spectrum confirmed it to be a 
flavone glycoside. The chromatographic spot on paper appeared deep 
purple under UV-light and turned yellow on fuming with ammonia, 
indicated that the position C-3 is blocked. It gave brownish green 
color with FeClj indicating the presence of hydroxy1 group at C-5. 
A bathochromic shift of 20 nm with AICI3 further confirmed the 
presence of a free 5-OH group. A shift with fused NaOAc suggested 
the presence of a free hydroxyl group at 7-position. Thus the 
characteristic shifts in absorption maxima in presence of classical 
shift reagents^° indicated the presence of 5,7,3' and 4'-hydroxyl 
groups. 
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UV spectral data of WA-I fX^ ,., nm) 
MeOH 
+AICI3 
+AICI3/HCI 
+NaOAc 
+NaOAc/H3B03 
256, 265, 302, 350 
276, 305, 333, 430 
272, 300, 400 
272, 320,375 
260, 300 370 
Hydrolysis of WA-I with 6% aq. HCl gave an aglycone (WA-IQ), 
m.p. 313-315''C which was identified as quercetin by Rf, mp, mmp and 
UV spectral data and also by direct comparison with authentic 
sample. The sugar was identified as D-glucose by PC, Rf value, 
Co-chromatography and by the formation of Osazone, m.p. 204-205'»C. 
The results of UV spectral data of WA-IQ and quercetin are recorded 
in Table 4. 
Table 4 : UV spectral data of WA-IQ and quercetin 
Reagent WA-IQ Quercetin 
MeOH 
+AICI3 
+NaOAc 
+NaOMe 
+NaOAc+H3B03 
255, 270sh, 302sh, 369 
274, 308sh, 333, 455 
248sh, 320 
258sh, 271, 328, 390 
263, 305sh, 389 
255, 269sh, 301sh, 370 
272, 304sh, 333, 458 
247sh, 321 (dec) 
257sh, 274, 329, 390 
261, 303sh, 388 
The values of X,„„ of WA-IQ and quercetin were found to be 
comparable. 
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MeO 
MeO 
WA-IM 
The position of sugar moiety at C-3 was determined by the 
hydrolysis of the permethylated glycoside. The partial methyl ether 
thus obtained was characterized as quercetin-5,7,3'4'-tetramethyl 
ether (WA-IM), m.p. 193-194 °C by chromatographic and 'H-NMR 
spectral studies of the hydrolysed products of permethylated 
glycoside and of the acetylated glycoside (WA-IA). The results of 
'H-NMR studies of WA-IA are shown in Table 5. 
Table 5 : Chemical shifts of protons of WA-IA (S values). 
Assignment No. of protons Signals 
6.79 (d, J=2.5 Hz) 
7.28 (d, J=2.5 Hz) 
7.92 (d, J=2.5 Hz) 
7.30 (d, J=9.0 Hz) 
7.92 (q, J=2.5 and 9 Hz) 
5.45 (d, J=7 Hz) 
3.80-5.16 (m) 
1.87, 1.95, 2.13 (s) 
2.30, 2.45 (s) 
H-6 
H-8 
H-2' 
H-5' 
H-6' 
H-1' 
Sugar protons 
Aliphatic 
acetoxyls 
Aromatic 
acetoxyls 
1 
1 
1 
1 
1 
1 
6 
12 
12 
s=singlet; d=doublet; q=quartet; ra=multiplet; spectrum run in CDCl, 
at 60 MHz. 
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The pmr spectrum of A-ring protons at 6- and 8-positions 
appeared as doublets at S 6.79(J=2.5 Hz) and 7.28(J=2.5 Hz) 
respectively. The B-ring protons formed an ABX pattern 
characteristic of 3•,4•-oxygenated flavonoids. The 2'-protons 
appeared as doublet at S 7.92{J=2.5 Hz), while 5'-and 6'- protons 
as doublet at S 7.30{J=9 Hz) and as a quartet at S 7.92(J=2.5 and 
9 Hz) respectively. 
Four aliphatic acetoxyls appeared at 1.87 (3H), 1.95 (3H) and 
2.13 (6H) and four aromatic acetoxyls at S 2.30 (9H) and 2.45 (3H) . 
The signals over the range of S 3.80-5.16 accounted for the six 
protons of the glucosyl residue. A doublet centered at S 5.45 
(J=7 Hz) was assigned to the C-1" proton. The large coupling 
constant {J=7 Hz) due to trans diaxial coupling with the 
C-2"proton indicated the presence of 6-configuration of sugar", 
WA-I on permethylation by Hakomori's method*' followed by 
hydrolysis afforded 2,3,4,6-tetra-O-methyl-D-glucose and quercetin 
5,7,3,4'-tetramehtyl ether (WA-IM). 
UV spectral data of partially methylated aqlycone (WA-IM) \^^ nm 
MeOH 251,360 
+AICI3 261,421 
+AICI3/HCI 259,419 
NaOAc 252,362 
NaOAc/HjBOj 250,361 
The position of the sugar linkage in the glycoside was 
determined by UV-spectral data of the partially methylated aglycone 
obtained on acid hydrolysis of the permethylated glycoside with 
diagnostic shift reagents. A bathochromic shift of 61 nm (from 360-
421 nm) in band I with AICI3 and a negligible change on addition of 
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HCl clearly suggested that the glucose moiety is present in the 3-
position of quercetin''^ . The release of 2,3,4,6-tetra-O-methyl-D-
glucose on hydrolysis of the permethylated glycoside confirmed the 
pyranosyl form:of the sugar unit in the glycoside. 
Therefore WA-I was characterized as quercetin-3-0-6-D-
glucopyranoside. 
HOHC \^ 
WA-I 
The presence of qi^ercetin-B-O-fi-D-glucopyranoside in Murraya 
koeniqii is the first report in the genus Murraya. 
Characterization of the Constituent (WA-IIl : 
White needles, m.p. 110-112 "C, Rf 0.68, appeared brown in UV 
light. The structure was confirmed by 'H-NMR and IR spectral studies 
and also by direct comparison with authentic sample. 
IR spectral data of WA-II : 
2750, 1690, 1520, 1050, 910, 810. 
The IR spectrum" of WA-II in KBr shows the presence of benzoic 
acid with a broad band at 2750 cm' and unsaturation at 1690 cm' in 
the molecule. The bands at 1520 cm"' and 1050 cm"' demonstrated the 
H-
H-
H-
H-
H-
• 2 ' , 
• 3 ' , 
. 4 1 
- 3 , 
• 4 , 5 
- 0 - H 
6 ' 
5 ' 
6 
7, 
7 , 
7 , 
7 , 
7 . 
3 . 
. 9 9 
. 9 6 
. 9 0 
, 4 6 
, 4 4 
, 7 6 
(d) 
(t) 
(t) 
(d) 
(t) 
(s) 
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presence of carboxylic and hydroxyl groups respectively. The other 
band shows the presence of carbon carbon double bonds and phenylic 
n-ature of the molecule. The results of 'H-NMR spectrum of WA-II are 
given in Table-6. 
Table 6 : Chemical shifts of protons of WA-II 
Assignment No. of protons Signals 
2 
2 
1 
2 
2 
1 
s=singlet, d=doublet, t=triplet, spectrum run in CDCI3 at 60 MHz as 
internal standard (5 scale). 
The pmr spectrum of WA-II in CDCI3 exhibited signals at S 7.46 
(d, 2H, H-3 and H-6) , 7.44 (t, 2H, H-4 and H-5) , 7.99 (d, 2H, H-2 ' 
and H-6'), 7.96 (t, 2H, H-3' and H-5'), 7.90 (t, IH, H-4') and 3.76 
(s, IH, =C-0-H). 
On the basis of above data WA-II was assigned as 2-phenyl 
Benzoic acid. 
COOH 
WA-II 
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Characterization of (WA-III) : 
White needles, crystallized from petroleum ether, m.p. 196-
197°C, Rf 0.16, gave positive color test for pentacyclic 
triterpenoids"**. The structure was confirmed by 'H-NMR spectral 
studies and also by direct comparison with authentic sample of 
6-amyrin. The result of 'H-NMR spectrum of WA-III are given below. 
Table 7 : Chemical shifts of protons of WA-III 
Assignment No. of protons Signals 
Tertiary methyl 
-do-
-do-
-do-
-do-
-do-
-do-
-CHj- and CH- protons 
of cyclic system and 
side chain 
CH-OH 
-0-H 
Olefinic protons 
3 
3 
6 
3 
3 
3 
3 
1 
1 
1 
0.75 (s) 
0.84 (S) 
0.90 (s) 
0.96 (s) 
0.98 (s) 
1.01 (s) 
1.19 (s) 
1.10-2.05 
3.18(dd,J=9 and 7 Hz) 
4.91 (broad singlet) 
5.25 (m) 
s=singlet, dd=double doublet, m=multiplet, spectrum run in CDCI3 at 
60 MHz, TMS as internal standard ((5-scale). 
On the basis of above results the structure of WA-III was 
established as B-amyrin. 
H3CH C H 
WA-III 
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Characterization of the Constituent Labelled WA-IV : 
Shining needles, crystallized from acetone, m.p.135-136°C, Rf 
0.05, was analyzed for C29H4gO. It gave positive Liebermann Burchard 
test"^ *^ and yellow color with tetra nitromethane. ;The IR spectrum 
demonstrated the presence of hydroxyl (3240 cm"') and unsaturation 
(1655 cm') functions in the molecule, the appearance of a band at 
(840 cm"') demonstrated that it contains a trisubstituted double 
bond''*. The C-OH stretching band at 1040 cm' suggested the presence 
of an equatorial hydroxyl group located at the C-3 position of an 
A/B trans steroid"^. The structure was confirmed by 'H-NMR and also 
by direct comparison of Rf values, mmp, with our own sample of 
B-sitosterol. The results of 'H-NMR are listed in Table 8. 
Table 8 : Chemical shifts of protons of WA-IV 
Assignment No. of protons Signals 
Me-18 
Me-19 
Me-21 
Me-26,27 
Me-28 
0-H 
H-3 (ax) 
Olefinic protons 
3 
3 
3 
6 
3 
1 
1 
1 
-CHj- and -CH-
protons of cyclic 
system and side chain 
0.68 (s) 
1.02 (s) 
0.92 (d,J=6.5 Hz) 
0.88 (d,J=6.5 Hz) 
0.76 (d,J=6.0 Hz) 
5.12 (m) 
3.54 (m) 
5.38 (m) 
1.07-2.33 
s=singlet, d=doublet, m=multiplet, spectrum run in CDClj at 60 MHz, 
TMS as internal standard (<J-scale) . 
Thus WA-IV was assigned the structure as ft-sitosterol. 
WA-IV 
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EXPERIMENTAL 
All melting points were determined on a Koflar apparatus and 
are uncorrected. Ultra violet spectra were recorded on Pye Unicham 
PU8800 spectrophotometer. Infra red (IR) were obtained on Perkin-
Elmer 621 spectrophotometer, and values are given in cm'. 'H-NMR 
spectra were recorded on a Varian A-60A and JEOL 4H-100 
spectrometer in CDCI3 using tetramethyl silane as internal reference 
and chemical shifts are recorded in 5(ppm) values. Mass spectra 
were obtained with JOEL JMS D-300 spectrometer at 70 eV. 
Thin layer and preparative chromatographic procedures were 
performed on silica gel G of BDH, Biogen E.Merck (India) and 
E.Merck (Germany). TLC solvent system used were, Benzene-Pyridine-
Formic acid (36:9:5), Toluene-Ethylformate-Formic acid (5:4:1), 
Benzene-Ethyl acetate-Acetic acid (8:5:2). These solvents for the 
sake of convenience have been referred to as BPF, TEF, BEA 
respectively in the text matter. Alcoholic ferric chloride 
solution, ammonia vapors and 20% aqueous solution of perchloric 
acid were used as spraying reagents for visualization of TLC spots. 
Aniline hydrogenphthalate was used as spraying reagent for paper 
chromatography. 
Extraction of Chemical Constituents from the Leaves of Murrava 
koeniqii : 
Air dried and coarsely powdered leaves of Murraya koeniqii 
(4 Kg) procured from Hyderabad (India) were completely exhausted 
(three times) with boiling methanol. The combined methanol extracts 
were concentrated first at atmospheric pressure then under reduced 
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pressure over a water bath. The greenish brown gummy mass obtained 
was refluxed with petrol (60-80 "C) and benzene till the solvent in 
each case was almost colorless to remove non-flavonoidic and 
resinous matter. 
The residue was treated with ethyl acetate. The ethyl acetate 
insoluble portion gave negative test for flavonoids where as the 
ethyl acetate soluble portion responded to the color test of 
flavonoids with Zn-HCl. 
Purification of Ethyl Acetate Soluble Fraction : 
A well stirred suspension of silica gel (BDH, 100 gm) in 
petroleum ether (60-80 "C) was poured into a column (150 cm long 
and 40 mm diameter) . When the absorbent was well settled, the 
excess of petroleum ether was allowed to pass through the column. 
The crude mixture (8 gm) was adsorbed on silica gel (BDH, 40 gm) in 
methanol, dried and added to the column. The column was eluted with 
organic solvents in the increasing order of polarity viz. petroleum 
ether, petroleum ether- benzene (9:1,8:2,7:3,6:4,1:1) benzene, 
benzene-ethyl acetate (9:1,8:2,7:3,6:4,1:1), ethyl acetate and then 
with acetone. 
The eluate of petroleum ether, petroleum ether-benzene, and 
benzene-ethyl acetate (9:1) showed negative test for flavonoids. 
The benzene-ethyl acetate (8:2,7:3,6:4,1:1), ethyl acetate and 
acetone eluate showed positive test for flavones, therefore they 
were mixed and concentrated to give a brown solid mass (5 gm). 
This solid on TLC examination showed a major spot with minor 
impurities. The following solvent systems were used to check for 
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the preparative TLC separation system. 
(a) Benzene-Pyridine-Formic acid (BPF,36:9:5) 
(b) Toluene-Ethyl formate-Formic acid (TEF,5:9:1) 
(c) Ethyl acetate-Methanol-Water (EMW,8:1:1) 
(d) Ethyl acetate-Xylene-Formic acid-Water (EXFW,35:1:2:2) 
In EMW solvent the difference of Rf values were well marked. 
Therefore, it was chosen as a developing solvent system for 
preparative TLC. 
Isolation of Flavonoidic Mixture by Preparative Thin Laver 
Chromatography : 
Using a thin layer spreader (Toshniwal, India) glass plates 
(40 X 20 cm) were coated with a well stirred suspension of silica 
gel (BDH, 50 gm in 95 mL of water) to give a layer of approximately 
0.5 mm in thickness. After drying at room temperature, the plates 
were activated at 110-120 °C for 2 hrs. 
The brown mass (2 gm) was dissolved in methanol and applied to 
the plates with the help of mechanical applicator (Desaga, 
Heidelberg) 2 cm from the lower edge of the plates. The plates 
mounted on a stainless steel frame were placed in a Desaga glass 
chamber (45 x 22 x 55 cm) containing 500 mL of developing solvent 
(EMW) . When the solvent front had travelled 15 cm from the starting 
line, the plates were taken out and dried at room temperature. The 
position of the bands were marked in UV light. The major and broad 
band was labelled as WA-I and scraped with the help of a nickel 
spatula, the band WA-I was eluted with methanol. Recovery of the 
solvent left a brownish yellow solid (1.2 gm). It was crystallized 
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from methanol-ethyl acetate as brownish yellow needle shaped 
clusters (1 gm) m.p. 215-217*" C and Rf 0.58 (BAW) . 
Acylation of (WA-I) : 
The crystalline, glycoside (30 mg) was heated with acetic 
anhydride (3 mL) and dry pyridine (15 mL) at 100"» C for 3 hrs. The 
reaction mixture was cooled at room temperature and poured on to 
crushed ice. The separated solid was filtered, washed well with 
water, dried and subjected to 'H-NMR spectral analysis. 
'H-NMR fCDCl,) ; Values on g-Scale : 
6.79 (d, IH, J=2.5 Hz, H-6); 7.28 (d, IH, J=2.5 Hz, H-8); 7.29 
(d,, IH, J=2.5 HZ, H-2«); 7.30 (d, IH, J=9 Hz, H=5') ; 7.9 (dd, 
1H,J=2.5 and 9 Hz, H-6'); 5.45 (d, IH, J=7 Hz, H-i•); 3.80-5.16(m, 
6H of glycosyl residue); 1.87, 1.95, 2.13(12 H, four aliphatic 
acetoxyls); 2.30,2.45(12 H, four aromatic acetoxyls). 
Acidic Hydrolysis of (WA-I) : 
The glycoside (40 mg) was dissolved in 10 mL of 6% aqueous 
hydrochloric acid and heated on water bath. Showed the completion 
of hydrolysis within 30 minutes. The heating was continued for 2 
hours to ensure complete hydrolysis. The yellow aglycone solid thus 
separated was filtered and washed well with water and dried over 
anhydrous Na2S04. The crude product on crystallization from methanol 
gave yellow needles of (WA-IQ) (25 mg) m.p. 313-315° C. It showed 
no depression in melting point on admixture with an authentic 
sample of quercetin. Its identity as quercetin was further 
confirmed by Co-chromatography, Rf 0.21 (BPF) and UV spectral 
studies, and the sugar was identified as (D+) glucose by paper 
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chromatography (Rf, Shade, Co-PC). 
UV-Spectral data of WA-IO fX^ ., nm) : 
MeOH 255, 270 sh, 302 sh, 369 
+AICI3 : 274, 308 sh, 333, 455 
+NaOAc 258 Sh, 271, 328, 390 
+NaOMe 248 sh, 320 
+NaOAc+H3B03 263, 305, 389 
Chromatographic identification of Sugar : 
The acidic filtrate, after filtering the aglycone was 
extracted with ether and then with ethyl acetate to ensure the 
complete removal of any residual aglycone. The solution was 
concentrated in vacuum and chromatographed on Whatman No.3 filter 
paper using butanol-acetic acid-water (BAW,4:1:5) as developing 
solvent system employing the descending technique. The chromatogram 
was run for 24 hours and after drying at room temperature it was 
sprayed with aniline/hydrogen phthalate solution. The chromatogram 
on drying at 100-110 "C for 5 minutes showed the presence of only 
glucose (Rf 0.34) by comparison with authentic samples (Rf; shade; 
Co-PC). 
Enzymatic Hydrolysis of (WA-I) : 
WA-I (10 mg) was dissolved in ethyl alcohol and diastase 
solution (100 mg in 25 mL) was added to it. The reaction mixture 
was left at 4 0" C for 45 hours. It was extracted with EtOAc and the 
hydrolysate showed the presence of glucose (Rf 0.18) (n-BuOH-HOAc-
H20;4:l:5, spray AHP). 
Estimation of Sugar : 
The anhydrous glycoside (22.5 mg) was hydrolysed by refluxing 
for 2 hours with 2% H2SO4. After cooling overnight, the aglycone was 
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filtered, washed dried and weighed (14.8 mg) . Thus the ratio of 
aglycone to the glycoside is 65.4% and this ratio indicates the 
presence of one mole of sugar permole of aglycone. 
Permethylation of the Glycoside by Hakomori's Method : 
NaH (250 mg) was stirred with DMSO (15 mL) at 80" C for 30 
minutes under Nj gas. To this reagent, solution of the glycoside 
(WA-I, 50 mg) in DMSO (10 mL) was added and the reaction mixture 
was stirred for 1 hours at room temperature under Nj gas. Mel 
(5 mL) was added and the reaction mixture was further stirred for 
4 hours at room temperature. The mixture was poured into ice-water 
and extracted with EtOAc, washed with water and dried. An oily 
product was obtained. It was purified by preparative TLC using 
Benzene:Acetone (4:1) as the developing solvent to afford the 
permethylated glycoside WA-IM (26 mg) . 
Hydrolysis of Permethylated Glycoside (WA-IM) : 
WA-IM was hydrolyzed with 6% HCl and the hydrolysate was 
subjected to chromatographic separation (Column and TLC, silica 
gel, Toluene-Methanol 4:1) to give Quercetin 5,7,3 ' ,4'-tetra methyl 
ether WA-IMt and 2,3,4,6-tetra-O-methyl-D-glucose (RfO.64). WA-IMt 
recrystallized from chloroform-methanol as light yellow needles 
(10 mg) m.p. 193-194°C. 
UV Spectral data of WA-IMt \,^ nm. 
MeOH 251,359 
-•-AlClj 260,420 
+AlClj+HCl 258,417 
+NaOAc 248,3 60 
+NaOAc+H3B03 253,361 
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UV Spectral data of WA-I X„„ nm. 
MeOH 256,265,302,350 
+AICI3 276,305,333,430 
+AICI3/HCI 272,300,400 
+NaOAc 272,320,375 
+NaOAc+H3B03 260,300,370 
Purification and Separation of Non-Flavonoidic Mixture from Ethvl 
Acetate Insoluble Fraction ; 
Greenish gummy mass (4 gm) obtained from ethyl acetate 
insoluble fraction showed three major spots and one minor spot, on 
TLC (silica gel, petroleum ether:Benzene, 1:1), labelled as WA-II, 
WA-III and WA-IV in the order of decreasing Rf values. They were 
separated by repeated column chromatography using petroleum ether, 
petroleum ether:benzene (9:1,8:2,7:3,1:1) benzene, benzene:ethyl 
acetate (9:1,8:2,7:3,1:1) ethyl acetate and lastly with acetone. 
WA-II : 2-Phenyl benzoic acid (2-biphenvl carboxvlic acid) 
C^ jHsCJLtCOOH : The elution of the column by benzene ethyl acetate 
(1:1) afforded a white solid compound which on recrystallization 
from petrol gave white needles (100 mg) (Rf 0.68) m.p. 110-112'»C. 
'H-NMR fCDCl,) : Values on (?-Scale : 
7.99(d,2',6'-H); 7.96(t,3•,5•-H); 7.90(t,4•-H); 7.46(d,3,6-H); 
7 . 44 (t, 4 , 5-H) ; 3.76(s,lH). 
IR V*^ "^  fcmh for fWA-TT) : 
2750, 1690, 1520, 1290, 1050, 910, 810. 
WA-III. B-AMYRIN : 
Elution of the column by petroleum ether : benzene (1:1) 
afforded a white solid compound which on crystallization from 
petroleum ether(90-60 «>C) gave white needles (175 mg) (Rf 0.I6) 
35 
m.p. 196-197°C. 
'H NMR fCDCl,) rvalues on (S-scale : 
0.79(s,3H); 0.83(s,3H); 0.90(s,6H); 0.97(s,3H); 0.99(s,3H); 
1.02{s,3H); 1.15{s,3H); 1.08-2.0(-CH2 and -CH protons of cyclic 
system and side chains); 3.19(dd,IH,J=9 and 7 Hz); 4.85(a broad 
singlet,IH,-OH proton); 5.19(m,lH,01efinic proton. 
6-SITOSTEROL WA-IV : 
The elution of the column by benzene:ethyl acetate (8:2) 
afforded a white shining solid compound which on recrystallization 
from acetone gave white shining needles (210 mg) (Rf 0.05) m.p. 
135-136°C. 
IR V*^ ^ cm-' of WA-IV : 
3240, 2918, 2824, 1655, 1440, 1375, 1365, 1358, 1055, 1040, 840, 
810. 
'H-NMR (CDCI3) rvalues on g-scale : 
0.68(s,3H,18 -CHj) ; 0. 76 (d, 3H, J=6. 0 Hz,28 -CHj) ; 0.88(d,6.5 Hz, 27 
-CH3) ; 0.92(d,3H,J=6.5 Hz,21 -CH3) ; 1.02(s,3H,19 -CH3) ; 3.54(m,lH, 
3-ax); 5.15(m,lH,hydroxy1 proton); 5. 38(m,lH,Olefinic proton); 
1.07-2.33(-CH2 and -CH protons of cyclic system and side chain. 
Acvlation of (WA-IV) : 
WA-IV (100 mg) was heated with acetic anhydride (2 mL) and 
pyridine (0.5 mL) at 100°C for 3 hrs. The reaction mixture was 
cooled at room temperature and poured over to crushed ice. The 
separated solid was filtered, washed well with water and dried. On 
crystallization from methanol and chloroform it gave colorless 
flakes WA-IVAc, 40 mg, m.p. 114-1150C. 
36 
IR V*^"^  in cm' of WA-IVAc : 
2945, 2830, 1750, 1660, 1465, 1370, 1275, 952. 
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P A R T 2 
C H A P T E R II 
THEORETICAL 
Spiranes contain one carbon in common between the two rings 
and are systematically named in accordance with the following 
examples. 
11 5 
Spiro [4.2] heptene Spiro [5.5] undecane 
The spirolactone compounds are rarely distributed in natural 
products. It was reported that allenes' are converted by peracids 
to spirodioxides. 
C=:C — C 
.0> 
-> 
-> 
Krapcho^ synthesized spiro compounds by the reaction of allenes 
and two moles of carbenes. 
C=:iC=C 
CH^  
-> 
CH2 
^ 
Spiro[4.5]dec-3-one was prepared by multistep synthesis using 
manganes (III) acetate by Corey' et al. 
OMG '^3^ '^ 
O2CH3 
C02C2Ht 
-> 
t02C2H5 
Several substituted 2,7-dioxaspiro[4.4]nonane-l,6-diones have 
been reported by multistep synthesis starting either from 
substituted malonic ester** or from substituted malononitrile'. 
H5C2O2C CO2C2H5 
NC-
• > 
B.B. Sinder* et al extensively studied the reactivity, solvent 
effect and mechanism of /-lactones using Mn(0Ac)3 with olefins. 
Stereoselectivity of addition of acetic acid to various acyclic and 
cyclic alkenes was througly investigated during the annulation of 
^-lactone ring by Mn(0Ac)3 oxidation^. 
RCH = CH2 + 2/3 [MnjOCOAc), (HOAc)] + HOAc 
+ 2Mn(OAc)2 
Formation of a,B-unsaturated ^-lactones and 2C-lactams* was 
reported when malonamide was oxidized with Mn(0Ac)3 in the presence 
of 1,1-diphenyl ethene. 
R. 
R 
'C 
^ -
,CONH^ 
H2C 
ONH 2 
CONH2 
4-
R 
,0H 
HN^Vy-C0NH2 
0 
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DISCUSSION 
Lactones and their analogues (Macrolides) belong to an 
important group of heterocyclic compounds. Many biologically 
important macrolides have been isolated from insects'", as 
sexphermones'" and plants.'^" In the chemistry of natural products 
the synthesis of such heterocyclic compounds is a challenging and 
powerful stimulus. Manganese triacetate is widely used for the 
synthesis of a-lactones from the olefinic compounds, by the free 
radical cyclization method. Keeping in view the importance of 
macrolide and the synthetic utility of manganese triacetate efforts 
have been made for the synthesis of macrolides from long chain 
fatty acids. 
The present work describes an efficient method for the 
synthesis of spirodilactones by the reaction of three fatty acid 
substrates, methylundec-10-enoate (I), undec-10-en-l-ol (II) and 
(Z)-octadec-9-enoic acid (III), with malonic acid in the presence 
of manganese triacetate. 
Reaction of methylundec-10-enoate (I) with malonic acid in the 
presence of Mn(0Ac)3 : 
A solution of the terminal olefinic fatty acid ester, 
methylup ec-10-enoate (I) , malonic acid and manganese acetate in 
acetic ariid was refluxed until the brown colour of the reaction 
mixture was decolorized due to reduction of the "manganese III" to 
"manganese II" producing the spirodilactone (IV) in an excellent 
yield. 
R 
CH2(COOH)2 
Mn(OAc) ^ 
IV 
R- (cH2) CO2CH3 
The elemental composition of the compound (IV) corresponded to 
C27H44O8. IR spectrum showed bands at 173 5 for ester carbonyls 
(-COOMe) and at 1770 cm"' for lactone carbonyl groups. The NMR 
spectrum showed the lactone protons as multiplet at 54.6 for one 
proton -CH< coupled with the a-methylene protons integrating for 
six protons in total and the four methylene protons of the two 
lactone rings appeared at 2.55 as double doublet (J=13 Hz and 6 Hz) 
and at 2.15 as double doublet (J=13 Hz and 9 Hz). A sharp singlet 
for methyl ester protons is recorded at 3.7. On the basis of above 
elemental and spectral evidences, the compound (IV) was 
characterized as 3,8-di(8-methoxy-carbonyl-octyl)-2,7-dioxaspiro 
[4.4] nonane-l,6-dione. 
The mass spectrum of the compound gave conclusive information 
regarding the structure of spirodilactone (IV). The mass spectrum 
showed molecular ion peak at m/z 496 ( Fig.l ). Other prominent 
fragment ion peaks were observed at m/z 422 (M^  -CjHgOj) , 391 (422-
in 
\ 
<s> 
i n 
s> 
«0 -4 
CN 
CN 
\- in 
1- in 
CO 
CS) 
CN-
n 
I—I I I < I I t ( I 
i n 
- ^ i n 
- f n 
SI 
m 
I I I I r I I I > t i 
AilSWHlNI 
es A1ISN3INI 
OCHj) , 325 (a-cleavage) , 255 (325-C3H2O2) , 154 (325-CioH,902) , 85 (154-
C3HO2) ( Scheme I ) . 
Reaction of Undec-lQ^enol (II) with malonlc acid in the Presence of 
Mn^AG^ : 
Reaction of Undec-10-enol (II) with malonic acid in the presence of 
manganese acetate in acetic acid was carried out as described 
earlier, which resulted in the formation of two distinct products 
(V) as a major and (VII) as a minor. These compounds were separated 
by silica gel column chromatography. 
Mn(0Ac)3 
CH2rCOOH)2 
AcOH 
-> 
II 
R = (CH2)90COCH3 
'^=(^H2)BCH20H 
VII 0 
R=(CH2)90COCH3 
Characterization of compound fV) : 
The compound (V) was analysed for C29H4gOg by microanalysis. IR 
spectrum exhibited bands at 1780, 1760 for lactone carbonyls, at 
174 0 cm' for two acetate moieties (-OAc). The NMR spectrum showed 
the lactone proton signals at 54.37-5.00 as multiplet integrating 
for two protons of -CH< and the two methylene protons of each 
E 
QJ 
JZ 
7 
lactone ring appeared at 2.33 (2H, dd, J=13 and 9 Hz, 2 x -HCH-) 
and 2.60 (2H, dd, J=13 and 6 Hz, 2 x -HCH-). The signals of each 
a-methylene protons to acetate is observed at 4.06 as triplet 
integrating for four protons. On the basis of these data the 
compound (V) was formulated as 3,8-di(9-acetoxynonyl)-2,7-
dioxaspiro[4.4]nonane-1,6-dione. 
The mass spectrum of compound (V) gave the molecular ion peak 
at m/z 524 ( Fig.2 ). a-Cleavage gave the ion pack at m/z 339 and 
other peaks are at 464 (M+ -C2H4O2) , 421 (464-COCH3, 2 68 (339-C3H3O2) , 
85(268-C,,H,902) . ( Scheme II ). 
Characterization of compound (VII) : 
The compound (VII) was analysed for C,5H2604. Its IR 
spectrum exhibited bands at 1760 for lactone carbonyl and at 1740 
cm' for acetate moiety (-OAc). The NMR spectrum exhibited signals 
at (S4.15 (m,lH >CH-) 2.3 (m, 2H, HCH) , and 2.1 (S, 3H, -OAc). From 
the abov data the compound (VII) was characterized as 4-acetoxy-
nonylbutane-4-o3'de. 
The conclusive support in favor of the compound (VII)was 
obtained from the mass spectrum which gave the molecular ion peak 
at m/z 270 ( Fig. 3 ). Other peaks are at m/z 255 (M+ - CHj) , 
227(255- CO), 85 (M+ -C,,H2,02) . ( Scheme III ). 
Reaction of (Z)-0ctadec-9-enoic acid (III) with malonic acid in the 
presence of Mn(OAc), : 
Reaction of the (Z)-octadec-9-enoic acid (III) with malonic 
acid in the presence of manganese acetate in acetic acid was 
carried out in the similar manner as described earlier but the TLC 
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examination for the progress of the reaction revealed that still 
the unreacted starting material (III) is present along with two 
products. Therefore, further amount of malonic acid (5 mmol) and 
manganese acetate(20 mmol) was added and the reaction mixture was 
refluxed for 30 minutes to consume total starting material. Which 
resulted in the formation of two products (VI and VIII) in a 
moderate yields. ^ ^ 
HR RH y. 
1/ 1' 
1 ? 
c=c 
Mn(0Ac}3 
CH2(COOH)2 
AcOH 
0 R R 
VI 
R-(CH2lpOOH 
R'=^ (CH2)7CH3 
-/,./''H 
R = (CH2)7COOH 
R'=(CH2)7CH3 
VIII 0 
Rr^fCH^yCOOH 
R-(CH2)7 CH3 
Characterization of Product (VI) : 
The product (VI) was analyzed for CjjHegOg. IR spectrum exhibited 
significant band at 1710 for acid carbonyl group and a broad 
spectrum at 1740-1780 cm"' for lactone carbonyls. The NMR spectrum 
of the compound showed peaks at 55.43 as a multiplet integrated for 
9 
two protons with W,^ =9 Hz, (2 x -HC-0-CO-) another multiplet at 2.50 
with W,^ =22 Hz for the two protons of the lactone rings. Four 
protons integrated peak of a-methylene protons observed at 2.31 
(4H, s, 2 X CHjCOOH). These data have formulated the compound (VI) 
as 3,8-di(7-carboxyheptyl)-4,9-dioctyl-2,7-dioxaspiro [4.4] 
nonane-1,6-dione. 
Mass spectrum was further useful in supporting the 
assigned structure. Molecular ion peak (664) was absent but a peak 
after the removal of two H2O molecules at m/z 628 (M"^  -H4O2) were 
present ( Fig. 4 ). Other peaks are 521 (664-CgH,502) , 418 (521-CgH,7) , 
339(Spiro-cleavage) 275 (418-CgH,502) , 236 (339-CgH,7) , 196 (339-CgH,502) , 
172(275-C8H,7) , ( Scheme IV ). 
Characterization of Product (VIII) : 
The compound (VIII) was analysed for C20H36O4. The IR spectrum 
displayed bands at 1710 cm' for acid carbonyls and at 1760 for 
lactone carbonyls. The NMR spectrum exhibited signals at 57.8 as a 
broad singlet for the acid proton. Lactone protons at 4.0 as a 
multiplet integrating for one proton (-CH<), another multiplet at 
2.3 (4H, HCH and CHj-COOH) . On the basis of above discussed spectral 
data the compound (VIII) was characterized as 4-(7-carboxyheptyl)-
3-octylbutan-4-olide . 
Mass spectrum of the compound gave the conclusive 
support. Molecular ion peak is at m/z 340 (M"^ ) ( Fig. 5 ) other 
distinctive ion peaks are at 322 (M+ -H2O) , 228 (M+ -CgHiJ , 198 (M* 
-CgH,402) , 199(228-CHO) and 170 (198-CO), ( Scheme V ). 
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EXPERIMENTAL 
All melting points were determined by an electrothermal apparatus 
and are uncorrected. Infrared (IR) spectra were obtained on a 
Perkin-Elmer 621-spectrophotometer, for either neat liquids or KBr 
pellets. IR values are given in cm'. NMR spectra was recorded on a 
Varian spectrometer at 60 and 90 Mhz in CDCI3 with trimethyl silane 
as the internal standard. NMR values are given in ppm((S) . The 
abbreviations s, d, dd, m, br and t, denote singlet, doublet, 
double doublet, multiplet, broad and triplet respectively. Mass 
spectra (MS) were obtained with JEOL JMSD-300 spectrometer at 70 
eV. 
Thin layer chromatographic plates (TLC) were coated with 
silica gel G, and a mixture of petroleum ether-diethyl ether was 
used as developing solvent. These plates visualized by spraying 
with 20% aqueous solution of perchloric acid ,and charred at 110 "C 
for 10 minutes. Column chromatography was carried out with silica 
gel (60-120 mesh) suing 25-30 gm per gm of material to be 
separated. Elution was usually carried out petroleum ether (b.p.40-
60) containing increasing proportion of diethyl ether. Mixture of 
petroleum ether and diethyl ether will be referred as (PE) followed 
by numerical to indicate the relative volumes of diethyl ether. 
Olefinic fatty acids, Undec-10-enoic and Octadec-(Z)-9-enoic 
acids were purchased from Fluka Chemika AG, Switzerland and S.D. 
Fine chemicals , India respectively. Fatty acid methyl esters were 
prepared by using CHjOH/H^ in the work reported in this thesis. 
11 
Preparation of Manganese (III) triacetate dihydrate : 
The Mn(OAc)3.2H20 was prepared by heating a mixture of 500 ml of 
acetic acid, 14.1 ml of acetic anhydride and 48 gms of 
Mn(OAc)2.4H20 to reflux for 2 0 minutes then added slowly 8.0 gms of 
KMn04. After refluxing for additional 3 0 minutes the mixture was 
cooled to room temperature and 85 ml of water was added. The 
manganic acetate was filtered off after 16 hrs, washed with cold 
acetic acid and air dried. 
Reaction of Olefinic fatty esters with malonic acid in the presence 
of Mn(OAc), : 
General procedure : 
To a heated solution of Olefinic fatty esters I-III (10 mmol) and 
malonic -cid (5 mmol) in glacial acetic acid (25 ml), manganese 
triacetaLe (20 mol) was added in a 100 ml round bottom flask 
equipped with reflux condenser and the solution was refluxed for 
1-5 minutes. On the disappearance of the dark brown color, the 
solution was cooled, water (100 ml) was added and the mixture was 
extracted with diethyl ether. The extract were washed with NajCOj 
and water then dried over MgS04. 
Reaction of Methylundec-10-enoate (I) with malonic acid in the 
presence of Mn(OAc), ; 
Methylundec-10-enoate (I, 1.97 gms., 10 mmol); malonic acid (0.525 
gms., 5 mmol); manganese acetate(5.5 gms, 20 mmol); acetic acid (25 
ml); column chromatography (petroleum ether: diethyl ether, 90:10, 
v/v) yield 90% of product IV recrystallized from petroleum ether-
methylene dichloride m.p. 80-81 °C (found: C,64.0; H,9.2%; C27H44OJ 
12 
requires: C,64.43; H,9.17%); IR (KBr): 1735 (COOMe), 1770 cm' 
(lactone C=0) ; NMR (CDCI3) , 54.6, m (6H, 2 x -CH- and 2 x CH^COOMe) , 
3.7,s(6H, 2 X COOCH3) , 2.55, dd (2H, J=13 and 6 Hz, 2 X HCH), 2.15, 
dd (2H, J=13 and 9Hz, 2 x HCH), 1.4 br, s(28H, chain protons). Mass 
spectrum m/z M"" 496, 422, 391, 325, 255, 154, 85. 
Reaction of Undec-10-enol (II) with malonic acid in the presence of 
Mn(OAcK : 
Undec-lO-enol (II, 1.7 gms, 10 mmol; malonic acid (0.525 gms 5 
mmol), manganese acetate (5.5 gms, 20 mmol), acetic acid (25ml); 
column chromatography (petroleum' ether :diethyl ether, 90:10, 
80:20, v/v) yield 70% of product V recrystallized from petroleum 
ether:methylene dichloride m.p 75-76 °C,(found: C,66.4; H,9.0%; 
C29H4g08 requires: C,66.43; H,9.16%); IR(KBr) 1780, 1760 (-C=0) , 1740 
cm"' (OAC) . NMR (CDCI3) , 54.37-5.00 m (2H, 2 x -CH-) , 4.06 t (4H, 2 
X CH2-OAC), 2.60 dd (2H, J=13 and 6 Hz, 2 x HCH), 2.33 dd (2H, J=13 
and 9Hz, 2 x HCH), 2.06 s (6H, 2 x OAc) , 1.31 br s (32H, chain 
protons). Mass spectrum :m/z 524 M"^ , 464, 421, 339, 268, 85 yield 
10% of product VII recrystallized from petroleum 
ether:dichloromethane m.p.74-75 °C (found: C,66.7; H,9.7%; C15H26O4 
required: C,66; H,9.63%) IR(KBr);1760(lactone -C=0); 1740 (OAc). 
NMR(CDCl3); 54.15 m (IH, -CH-) , 4,05 t (2H, CH20Ac),2.3 m (2H, HCH), 
2.1 s (3H,0Ac), 1.31 br s (18H, chain protons). Mass spectrum m/z 
270 M^, 255, 227, 85. 
Reaction of (Z)-octadec-g-enoic acid (III) with malonic acid in the 
presence of Mn(OAc), : 
(Z)-Octadec-9-enoic acid (III, 2.85 gms, 10 mmol); malonic acid 
13 
(1.04 gms, 10 mmol); manganese acetate, (11 gms, 40 mmol); acetic 
acid (40 ml) ; column chromatography (petroleum ether:diethyl ether, 
90:10, 80:20, v/v) yield, 35% of product VI(found: C,70.6; H,10.3%; 
CjgHggOg required: C,70.48; H,10.24%); IR(neat)1710 (acid -C=0) , 1740-
1780 cm' (lactor=e -C=0) ; NMR(CDCl3) , 57.72 br s (2H, 2 x C00H,D20 
exchangeable), 5.43 m (2H,W%=9 Hz, 2 x -CH-), 2.50, m (2H,W%=22Hz 
I 
oco 
2 X HCH) , 2 . 3 1 s (4H, 2 X CH2COOH) , 1 .34 b r s (52H, c h a i n p r o t o n s ) , 
1 .17 t (6H, 2 X -CH3) Mass s p e c t r u m : m / z M+ 664 ( a b s e n t ) 6 2 8 , 5 2 1 , 
4 1 8 , 3 3 9 , 2 7 5 , 2 3 6 , 1 9 6 , 1 7 2 . 
Y i e l d 10% o f p r o d u c t V I I I , ( f o u n d : C , 6 9 . 7 , H , 1 0 . 9 % ; C20H36O4 r e q u i r e d : 
C , 7 0 . 5 ; H I O . 5 % ) ; I R ( n e a t ) , 1 7 1 0 ( - C = 0 ) , 1 7 6 0 ( l a c t o n e - C = 0 ) , 110 cm 
' (COOH). NMR(CDCl3) 5 7 . 8 b r s ( I H , COOH, D2O e x c h a n g e a b l e ) , 4 . 0 m 
( I H , -CH-) , 2 . 3 m (4H, HCH a n d CHjCOOH) , 1 . 3 1 b r s (30H c h a i n 
p r o t o n s ) , 1 . 1 2 t (3H, -CH3) . Mass s p e c t r u m : m / z 340 M^, 3 2 2 , 2 2 8 , 
1 9 8 , 1 9 9 , 1 7 0 . 
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C H A P T E R III 
THEORETICMi 
Isoxazoline is a five membered ring containing nitrogen and 
oxygen in its structure. This moiety is widely present in a number 
of natural products e.g. alkaloids. 
Through the use of nitrone cycloaddition chemistry numerous 
isoxazolines have been synthesized'-^ . From carbethoxyformooxim.ino 
chloride and styrene or phenylacetylene 3-carbethoxy-5-phenyl-4,5-
dihydro-l,2-oxazole and 3-carbethoxy-5-phenyl-l,2-oxazole have been 
obtained'. 
/ / 
NC—C 
NOH 
^Cl 
PhHC—CH^ 
• > 
•HCl 
N-^C—C-^N-0 
Ph^O' 
i CN 
-> 
PhC-^CH 
CN 
Ph^O- .N 
p.A. Wade etal" prepared the substituted isoxazoline rings by 
the 1,3-dipolar cycloaddition of nitrile oxides to the olefins with 
the bromo oxime as the precursor of nitrile oxide. They have also 
reported the cyanohydroxylation by the cleavage of isoxazoline ring 
with sodium amalgum (Na-Hg). 
Ph502C = NOH 
Br 
Na2C03 
CN-CzizC-OH 
I, 
Ph502C^N->0 
2% NQ-Hg 
R R 
I I 
+ C=:iC 
I I 
R R 
R 
R-
Ph502 •N-
-0 
Isoxazoline can be cleaved by catalytic hydrogenolysis and 
further cyclized to produce ft-Lactam containing desired grouping'. 
In another method Wade etal* synthesized number of substituted 
isoxazoline from the nitrile oxide produced from the a-bromooxime 
when treated with AgNOj. 
PhS02C=^N0H 
Br 
AgN03 
^Ph502C^N->0-52^2=£?2_ R-
Ph02! 
R R 
-R 
N' ,0 
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DISCUSSION 
Isoxazoline derivatives are used as valuable sulpha drugs and 
analeptics, antibiotics (Oxamycin), hypoglycemic, herbicidal, 
soilfungicides and dyes etc. A number of 4-isoxazoline derivatives 
have been reported in scientific and technical literature as 
photographic sensitizers and for antihalation layer and filters. 
The isoxazoles and isoxazolines have been suggested for use as 
stabilizers in chloro hydrocarbon cleaning composition for metals 
and as corrosion preventives. 3-Alkyl-5-isoxazolines (with alkyl-> 
CIO) have been described as intermediates for the synthesis of oil 
soluble dyes and dyes for colour photography^. 
The most versatile route for the preparation of a nitrile 
oxide involues portionwise base treatment of the corresponding 
a-halo oxime, in the presence of substrate alkene. The range of 
alkenes which react well with typical nitrile oxides is, however, 
some what limited oving to competition from nitrile oxide 
dimerization*. 
The above said importance of the isoxazoline ring and the less 
reactivity of olefins towards nitrile oxides stimulated us to 
investigate the synthesis of isoxazoline ring with fatty olefins. 
Reaction of Methylundec-10-enoate (I) with Methylchlorooximido 
acetate (XIII). 
To the equimolar amounts of methylundec-lO-enoate(I) and 
methylchlorooxiir.ido acetate (XIII) in diethyl ether, triethyl amine 
taken in diethyl ether was added up to the period of 2 hours with 
vigorous stirring. Water 100 ml was added and the reaction mixture 
was extracted with diethyl ether evaporation of the solvent gave 
product VII in quantitative yield. 
H R 
! I 
I 1 
H H 
CI 
HO- N=CCOOCH 3 > 
(CH CH ) N 
3 2 3 
H COOC 
3 
/ 
R 
N 
VII 
R=(CH ) COOCH 
2 8 3 
R=(CH ) COOCH 
2 8 3 
Elemental analysis of compound (VII) corresponded to CjjHjjOjN. 
IR spectrum of the compound showed bands at 17 4 0 and 172 0 cm' for 
the two ester carbonyls and at 1585 for C=N of isoxazoline ring. 
NMR spectrum of the compound exhibited peaks at 4.5-4.7 as 
multiplet for the one proton of isoxazoline ring. The peaks of the 
two protons of the heterocyclic ring splits due to the geminal and 
vicinal coupling as double doublet. One double doublet is at 3.3 
integrating for one proton (J=17 and 10 Hz) and another is at 2.6 
for one proton (J=17 and BHz). Two sharp singlets integrating for 
3 protons each recorded at 3.75 and 3.55. On the basis of above 
spectral and elemental analysis compound (VII) was characterized as 
methyl-5-methylnonanoate-3-isoxazoline carboxylate. 
The structure of (VII) was further substantiated by its mass 
spectrum. It showed molecular ion peak at m/z 299 M* (Fig. 1) . Base 
peak was observed at m/z 128 M* - (CHj) g-COOCHj (Scheme I) . Other 
distinctive ion peak are at 268 (M"*^  -OCH3, 240 (M"" -C4H3O2) , 208(240-
CH4O), 143(M^ - B,cleavage). 
Reaction of (Z) -Methyloctadec-9-enoate (II) with 
Methylchlorooximido acetate (XIII) : 
Reaction of (Z)-methyloctadec-9-enoate(II) with methyl 
chlorooximido acetate(XIII) in the presence of triethyl amine was 
carried out as described earlier. 
R ,R' 
c -— c 
H H 
II 
CI 
HO -N=CCOOCH 
(CH CH ) N 
3 2 3 
H 
R 
R' 
O^ // 
N 
- COOCH 
VIII 
R=(CH ) CH 
2 7 3 
R'=(CH ) COOCH 
2 7 3 
A) R=(CH ) CH 
2 7 3 
R'=(CH ) COOCH 
2 7 : 
B) R =(CH ) COOC 
2 7 
R'=^(CH ) CH 
2 7 3 
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Micro analysis of compound (VIII) corresponded to molecular 
formula C22H39O5N. IR spectrum exhibited broad band at 1745-1720, for 
the two ester carbonyls. Presence of isoxazoline ring was depicted 
from the band at 1585 cm' (-C=N-) . NMR spectrum of the product 
showed diagnostic peaks for isoxazoline ring protons as multiplets 
one cent red at '54.75 for (-HC-0-) and another at 4.43 for (-HC-C) . 
Two sharp singlets of the ester protons are recorded at 3.9 and 
3.7. On the basis of above data compound (VIII) was characterized 
as methYl-cis-4(5)-methyloctanoate-5(4)-octyl-3-isoxazoline 
carboxylate. 
In support of the assigned structure to the compound (VIII) 
mass spectrum gave molecular ion peak at m/z M* 397 (Fig. 2) . 
Distinctive ion peaks are at 284 for the a-cleavage (Scheme II) and 
m/z 157 also for a-cleavage from the other side. Other fragments 
observed are 337 (M+ -C2H4O2) , 253 (284-CH3O) , 126 (I57-CH3O) , 127(284-
C9H,702) , 101(127-C2H2) . 
Reaction of Methylundec-lo-Ynoate (III) with MethYlchlorooximido 
acetate (XIII) : 
1,3-cyclo addition reaction of nitrile oxide, generated 
in situ by the addition of trimethyl amine in diethyl ether to the 
mixture of methylchlorooximido acetate (XIII) and methylundec-10-
ynoate (III), gave compound (IX) in excellent yield. 
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CD 
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(CH ) COOC 
HO N=CCOOCH -=K^ 2 8 
HC =-- - C (CH ) COOCH 3 - • / ~\ 
2 ^ ^ (CH CH ) N Ox ^' -COOCH 
3 2 3 N 3 
III IX 
The compound (IX) was analyzed for CijHjjOjN. IR spectrum of 
the compound showed broad band at 1740-1730 cm"' for the two ester 
carbonyjLS. Formation of cyclo adduct was evidenced from the band at 
1585 cm" for (C-N). NMR spectrum showed diagonostic peaks at 53.95 
and 3.65 as sharp singlets for the two ester groups protons. A 
sharp singlet for the one proton of isoxazoline ring was recorded 
at 6.35. One triplet at 2.3 is due to the two protons a- to the 
isoxazoline ring and another triplet at 2.8 for the two protons a-
to the terminal ester group. On the basis of above spectral 
analysis the compound (IX) was characterized as methyl-4-
inethylnonanoate-3-isoxazoline carboxylate. 
Mass spectrum of the compound gave conclusive information 
regarding the structure of the compound (IX). Its mass spectrum 
showed molecular ion peak at m/z M* 297 (Fig. 3) . Structure 
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revealing fragments were observed at m/z 266 (M"^  -OCHj) and 141 (13-
cleavage) . Other fragments are 238 (266-CO) , 154(M* -C6H90,N) , 101(M^ 
-CijHjoOj) , 97(156-0211302), 82 (IBe-CjHgO^) , 68 (141-C2H,Oj) (Scheme III). 
Reaction of Methyloctadec-g-ynoate (IV) with Methylchlorooxlmido 
acetate (XIII) s 
Reaction of methyloctadec-9-ynoate (IV) with 
methylchlorooximido acetate (XIII) which is a versatile precursor 
of nitrile oxide were carried out in the presence of triethyl amine 
as described earlier to give compound (X) . 
RC = = CR' 
IV 
HO 
CI 
I 
N=CCOOCH 
R=CH (CH ) 
3 2 7 
R'=(CH ) COOCH 
2 7 3 
(CH CH ) N 
3 2 3 
R 
A) R=CH (CH ) 
' 3 2 7 
X 
C O O C H 
N 
O 
B) R'=CH (CH ) 
3 2 7 
R' = (CH ) COOCH R==(CH ) COOCH 
2 7 3 2 7 3 
Elemental analysis of the compound (X) was corresponded to the 
molecular formulae Cj^ H^ O^ iN. Its IR spectrum displayed the bands at 
E 
x: 
u 
LPi 
en 
CD 
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1742-1720 cm' for the two ester carbonyls. Another band at 1585 
cm"' evidenced the formation of isoxazole moiety. It was further 
supported by NMR spectrum which exhibited two sharp singlets at 
<S3.97 ar 3.92 for the methyl protons of the two ester groups. A 
multiple;, was ob^.erved, centered aL 2.06 for four a-protons, two a-
protons of ester group and two a-protons to the isoxazole ring. 
Based on the above elemental and spectral data compound (X) was 
characterized as inethyl-4(5)-methyloctanoate-5(4)-octanyl-3-
isoxazole carboxylate. 
Mass spectrum of the compound (X) has further supported by 
showing molecular ion peak at m/z 395 (Fig. 4) . Other important 
fragments are at 336 (M^  -CjHjOj) , 282 (a-cleavage) , 263 (fi-cleavage) , 
157 (a-cleavage) . Other common peaks are 277 (336-C2H3O2) , 266(336-
C^ HgO^ ) , 251(282-CH30) , 97(126-CO), 223 (282-C2H3O2) , 12 5 (284-C9H,702) . 
(Scheme IV). 
Reaction of (Z)-Methyloctadec-ll-ene-9-ynoate (V) with 
Methvlchlorooximido acetate (XIII) ; 
Reaction of (Z)-methyloctadec-ll-ene-9-ynoate (V) with 
chlorooximidoacetate (XIII) in the presence of triethylamine gave 
compound (XI), was carried out as earlier. 
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ElGmental analysis of the compound (XI) was corresponded to 
C„H,,05N. IR spectrum of the compound displayed a broad band at 1740-
1735 cm' for the two ester carbonyl groups. The band present at 
1625 is depicted for the allenic double bond whereas, the band at 
1585 is fot the isoxazole ring (-C=N-). Its NMR spectrum showed the 
structure revealing peaks, at 64.9 as doublet integrated for one 
proton of the double bond near to the isoxazole ring is recorded as 
double doublet at <54.00. Two sharp singlets at 3.85 and 3.61 
integrated for the three methyl protons each of two ester groups. 
A triplet was observed at 2.25 for the two protons a- to the chain 
ester group. Based on the elemental and spectral data compound (XI) 
was char; terized as methy1-4(5)-methyloctanoate-5(4)-(1-octene)-3-
isoxazolft carboxylate. 
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Mass spectrum of the compound (XI) gave conclusive 
information. Molecular ion peak in the mass spectrum of the 
compound is present at m/z 393 (Fig. 5). Important fragments are at 
m/z 111 by the a-cleavage, 3 34 (M-C^ HjO^ ) , and 282 (a-cleavage) . Some 
other fragments are 302 (362-C2H4O2) , 274 (334-C2H4O2) , 251 (282-CH3O) , 
220(251-CH,O) , 192 (25I-C2H3O2) , 166 ( 2 5 l-C^HiO^N) , 140(282-
CgHj^ Oj) ,85(251-Cn>H,40) (Scheme V). 
Reaction ojf (Z) -Methyloctadec-2-enoate (VI) with 
Methylchlorooximido acetate (XIII) : 
Reaction of an a,B-unsaturated fatty acid ester (VI) with 
methylchlorooximidoacetate (XIII) in equimolar amount in the 
presence of triethylamine was carried out as described earlier, 
gave the product (XII). 
HCOOC - COOCH 
RHC CHCOOCH 
VI 
CI 
I 
no -N=ccoocH 
(CH CH ) N 
3 2 3 
H 
H 
N 
o 
R 
XII 
R-(CH ) CH 
2 14 3 R=(CH ) CH 
2 14 3 
-J-
m -
m 
OJ 
m 
o 
o 
CNl-
CNl 
C7^  
w 
8 
O N 
mm_i 
CM 
¥ 
o 
o 
I— 
O 
O 
o 
o 
-4> 
U 
rxj 
CX) 
r o 
O 
X 
O 
1 
->• 
OJ 
CD 
m 
CD 
12 
Elemental analysis of the compound (XII) corresponded to the 
molecular formula C22H39O5N. IR spectrum showed a broad absorption 
band at 1740-1735 cm' for the two ester carbonyls and at 1585 is 
for (-C=N-). NMR spectrum of the compound (XII) exhibited one 
multiplet centered at 4.85 integrated for one proton (-CH-CH) a 
I I 
o c-
\ / / 
N 
doublet at 4.16 for one proton of the isoxazoline ring (-CH-CH). 
I I 
-c o 
W/ 
N 
Two sharp singlets were recorded at 3.89 and 3.72 for the three 
protons each two of the ester groups. On the basis of elemental and 
spectral data compound (XII) was characterized as methyl-trans-
4(5)-met-ylcarboxylate-5(4)-octapentanyl-3-isoxazoline carboxylate. 
Mass spectiam of the compound (XII) gave the molecular ion at 
m/z 397 (Fig. 6) . a-Cleavage of the isoxazoline ring produces a 
fragment record at 186. Another fragment is at 338(M"^  -C^ HjOj) . Some 
other fragments are 201 (6-cleavage) , 154 (I86-CH4O) , 142 (20I-C2HJO2) , 
101(M+ -C,9H3g02) , and 83 (I42-C2H3O2) (Scheme VI). 
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EXPERIMETAL 
Preparation of Methylchlorooximido acetate (XIII) : 
Glycine xnethylester hydrochloride (12.56 gms 0.1 mol) was dissolved 
in 95 mL of water and 41.5 mL of hydrochloric acid (d=1.19) was 
added. The mixture was cooled to -5 °C and a solution of one 
equivalent of sodium nitrite in 50 mL of water was added dropwise. 
A second equivalent of hydrochloric acid and sodium nitrite was 
added in the same manner. The reaction mixture was extracted with 
diethylet-her, dried over MgS04 and concentrated by rotatory 
evaporator. Yield 50%(found: C,26.15; H,2.85; Cl,25.75; N,10.20% 
C3H4O3NCI required: C,26.18; H,2,90; CI,25.81; N,10.18%) IR(neat) 
3350-3100 (-0H) , 1740 cm"' (-COOCH3) . NMR(CDCl3), 59.80-10.3 br s 
(IH, DjO exchangeable), 3.75 s (3H, -COOCH3) . 
Reaction of clefinic fatty esters with Methylchlorooximido acetate 
(XIII) : 
General procedure : 
To a mixture of olefinic fatty esters (I-VI,0.1 mol) and 
methylchlorooximido acetate (0.1 mol) in 100 mL of diethyl ether, 
triethylamine (0.1 mol) in 100 mL of diethyl ether was added over 
2 hours with vigorous stirring. Progress of the reaction was 
monitored by TLC. Water (100 mL) was added and extracted with 
diethyl ether, dried (Na2S04) and concentrated. Products were 
separated by column chromatography on silica gel G using petroleum 
etherrdiethyl ether (70:30 v/v). 
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Reaction of Methylundec-lQ-enoate (I) with Methylchlorooximido 
acetate (XIII) : 
Methylundec-lO-enoate (1,1.98 gms, 0.01 mol); methylchlorooximido 
acetate (XIII, 1.375 gms, 0.01 mol); diethyl ether (15 mL); 
triethylamine (1.4 mL, 0.01 mol in 10 mL diethyl ether); column 
chromatography (petroleum ether:diethyl ether, 80:20 v/v) yield 90% 
of product VII m.p 61-62 °C (found: C,60.10; H,8.28; N,4.60% CisHjjOjN 
required: C,60.20; H,8.30; N,4.68%). IR(KBr), 1740,1720(2x 
COOCH,) 158 5 cm' (-C=N-) ; NMR(CDCl3) , 54.5-4.7 m (IH, R-CH-CH2) , 
1 
0 
3.75 s (3H,COOCH3); 3.55 s (3H,COOCH3), 3.3 dd (IH, J=17 Hz and 
10 Hz, HCH), 2.6 dd (IH, J=17 and 8 Hz, HCH) 2.18 t (2H, 
I I 
C=N C=N 
CH2COOCH3), 1.25 br s (14H, chain protons) Mass spectrum, m/z 299 
M*, 268, 240, 209, 208, 172, 128, 59. 
Reactio of (Z)-Methyloctadec-9-enoate (II) with 
Methvlchlorooxiir.xdo acetate (XIII) ; 
(Z)-Methyloctadec-9-enoate (II, 3.0 gm, 0.01 mol), 
methylchlorooximido acetate (XIII, 1.375 gm, 0.01 mol), diethyl 
ether (20 mL) , triethylamine (1.4 mL, 0.01 mol in 10 mL diethyl 
ether), column chromatography (petroleum ether:diethyl ether 80:20 
v/v) yield 40% of product VII (found: C,66.50; H,9.80; N,3.55%, 
C22H390,N required C,66.32; H,9.69, N,3.52%). IR(Neat) , 1745-1720 br 
(2 X COOCH3) , 1585 cm' (-C=N-) . NMR(CDCl3), 54.75 m (IH, RCHO),4.43m 
I 
C=N 
(IH, CH-R') 3.7 s (3H, COOCH3) , 2.33 t (2H, CH2COOCH3) , 1.33 br s 
(26H, chain protons), 0.86 t (3H, -CH3) . Mass spectrum m/z 397 M+, 
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337, 278, 284, 253, 225, 166, 157, 126, 127, 98, 101. 
Preparation of Undec-10-vnoic acid : 
A solution fo Commercial undec-10-enoic acid (18.4 g, 100 mmol) in 
carbon tetra chloride (75 mL) was cooled in an ice bath and bromine 
(16.0 g, 100 mmol) was added dropwise. The mixture after addition 
of all bromine was sittired for 3 hours and left for overnight. 
Distillation of carbon tetrachloride and work up with diethyl ehter 
furnished 10,11-dibromoundecanoic acid (33.7 g) as a thick viscous 
liquid. A mixture of dibromide (33.7 g), potassium hydroxide (68.0 
g), water (15 mL) and ehtanol (300 mL) was refluxed on a water bath 
for 12 hours. Ethanol was then removed under reduced pressure and 
it was dissolved in water, acidified with cold dilute, sulfuric 
acid and extracted with diethyl ether, washed and dried over 
anhydrous Na2S04. Removal of the solvent yielded the crude acid 
which was crystallized from petroleum ether at low temperature. The 
crystalline undec-10-ynoic acid 9.1 g) thus obtianed melted at 
42 °C (lit.^ m.p. 41-42 °C) . Analysis (Found: C,72.56; H,9.95. 
rquires: for C,,H,g02 C,72.53; H,9.89%). 
Reaction of Methylundec-lO-Ynoate (III) with Methylchlorooximido 
acetate (Xlll) : 
Methylundec-lO-ynoate (III, 1.97 gms, 0.01 mol) ; 
methylchlorooximido acetate (XIII, 1.375 gm, 0.01 mol); diethyl 
ether (15 mL) ; triethylamine (1.4 mL, 0.01 mol in 10 mL diethyl 
ether); column chromatography (petroleum etheridiethyl ether, 80:20 
v/v) yield 90% of product IX m.p 52-53 "C (found: C,60.55; H,7.73; 
16 
N , 4 . 6 8 % CisHjjOjN r e q u i r e s C , 6 0 . 6 0 ; H , 7 . 7 0 ; N , 4 . 7 1 % ) . I R ( K B r ) , 1740 
1730 (2 r COOCH3),1585 cm ' ( -C=N-) . NMR(CDCl3) 56 . 3 5 s (1H,HC=C) , 3 . 9 5 s 
I I 
o c-
\ / / 
N 
(3H,COOCH3), 3 . 6 5 s (3H, COOCHj) , 2 . 8 t (2H, CHjCOOCHj) , 2 . 3 t ( 2 H , 
CH2-C=C- )1 .33 b r s (12H, c h a i n p r o t o n s ) . Mass s p e c t r u m M* m/z 2 9 7 , 
I 1 
c o 
W/ 
N 
2 6 6 , 2 3 8 , 1 5 6 , 1 5 4 , 1 4 1 , 1 0 1 , 9 7 , 8 2 , 6 8 . 
Prepration of Octadec-9-vnoic acid : 
Commercial (Z)-octadec-9-enoic acid (oleic acid) (28.2 g, 100 mmol) 
in carbon tetra chloride (75 mL) was cooled and bromine (16.0 g, 
100 mmol) was added drop wise as describe earlier. Distillation of 
the solvent followed by work up with diethyl ehter gave 9,10-
dibromooctadecanoic acid (44.3 g) as a thick viscous liquid. A 
mixture of 9,lO-dibromoocadecanoic acid (44.3 g) , potassium 
hydroxide (88.4 g), water (15 mL) and ethanol (300 mL) was refluxed 
on a water bath for 12 hours. Evaporation of the solvent , 
acidification with coold dilute sulfuric acid and work up with 
diethyl ether, drying and evaporation of the solvent afforded the 
crude acid. This crude acid was crystallized from petroleum ether 
at low temperature. The crystalline octadec-9-ynoic acid (12.6 g) 
melted at 45 "C (lit' m.p. 44-45 °C). Analysis (Found : C,77.12; 
H,11.48. C,gH3202 requires C,77.09; H,11.50%). 
Reaction of Methvloctadec-9-vnoate (IV) with Mehtvlchlorooximido 
acetate (XIII) : 
Methyloctadec-9-ynoate (IV, 1.47 gm, 5 mmol); methylchlorooximido 
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a c e t a t e ( X I I I , 0 . 6 8 8 gm, 5 mxnol) ; d i e t h y l e t h e r (15 itiL) ; 
t r i e t h y l a m i n e ( 0 . 7 mL, 5 mmol, i n 10 itiL d i e t h y l e t h e r ) ; column 
c h r o m a t o g r a p h y ( p e t r o l e u m e t h e r : d i e t h y l e t h e r , 8 0 : 2 0 v / v ) y i e l d 30% 
of p r o d u c t X ( found : C, 6 6 . 8 0 ; H , 9 . 3 5 ; N , 3.50%; C22H37O5N r e q u i r e d : 
C , 6 6 . 8 4 ; H , 9 . 3 7 ; N , 3 . 5 4 % ) . I R ( N e a t ) , 1742-1720 b r (2 x COOCH3) , 1585 
cm"' (-C=N-) ; NMR (CDCI3) *3 .97 s (3H, COOCH3) , 3 .92 s (3H, COOCH3) , 
2 . 0 6 m (4H, CHj-COOCHj and -C=C-CH2-) , 1.20 b r s ( 2 4 H , c h a i n p r o t o n s ) , 
I I 
O C -
\ll 
N 
0.81 t(3H,CH3) ;Mass spectrum, m/z 395M'^ , 336, 277, 282, 266, 263, 
251, 223, 164, 157, 126, 125, 101, 97, 74, 66, 67. 
Isolation of (Z)-0ctadec-ll-ene-9-ynic acid (Santalbic Acid) from 
the seeds of Santalum album ; 
The dried seeds were coarsley ground in a mortar and extracted 
with petroleum ether, the oil (53.5%) was obtained as a viscous, 
pale greenish yellow liquid. The oil (131 gm) was hydrolyzed by 
boiling alcoholic potassium hydroxide for 1 hour during which a gum 
separated, this was rejected before acidification and diethyl ether 
extraction of the mixed acids (103 gm) crude santalbic acid (77 gm, 
m.p. 36-38 °C) was obtained crystallization from petroleum ether 
gave pure acid (68 gm, m.p. 38.5-39.5 °C) as white plates. (Abs. 
max. was at 229 m|i. 
Reaction of (Z)-MethYloctadec-ll-ene-9-ynoate (V) with 
Methylchlorooximido acetate (XIII) : 
(Z)-Methyloctadec-ll-ene-9-ynoate (V, 1.46 gm, 5 mmol), 
methylchlorooximido acetate (XIII, 0.688 gm, 5 mmol), diethyl ether 
18 
(15 mL) triethylamine (0.7 mL, 5 mmol, in 10 mL of diethyl ether), 
column chromatography (petroleum ether:diethyl ehter, 70:30 v/v) 
yield 4 0% of product XI (found: C,67.2 0; H,8.86; N,3.45% C22H35O5N 
requires C,67.18; H,8.9; N,3.56%). IR(neat) , 1740-1735 (COOCH3) ,1625 
(CH=CH) and 1585 cm' (C=N-). NMR(CDCl3) , 54.90 d (IH,CH=CH-C=C-), 
I I 
o c-
\ / / 
N 
4.00 dd (1H,CH=CH-C=C-) , 3.85 s (3H,-COOCH3) , 3.61 s (3H,-COOCH3) , 
I I 
o c-
\ll 
N 
2.25 t (2H,CH2COOCH3) , 1.27 br s (22H, chain protons), 0.81 t (3H, 
-CH3) ; Mass spectrum m/z 393 M*, 362, 334, 302, 274, 251, 220, 192, 
166, 11. 
Preparation of (Z)-octadec-2-enoic acid : 
Synthesis of (Z)-octadec-2-enoic acid were carried out from stearic 
acid following the method of Palameta and Prostenik'° as adopted in 
the author's laboratory". 
Dry bromine was added dropwise at 90 °C in a period of 7 hrs to a 
well stirred mixture of stearic acid (100 g) and red phosphorous 
(4.6 g) . The mixture was vigorously stirred during the addition of 
bromine by using a mercury sealed stirrer. Heating was continued 
for 24 hrs and the cooled solution was poured into cold water and 
left overnight. The solid product was filtered, taken up in ether, 
washed successively with 10% aqueous solution of sodium sulfite and 
distilled water and dried over sodium sulfate (Na2S04) . The 
2-bromoacid obtained after evaporation of the solvent was heated 
under reflux with powdered potassium iodide(96 g) in 95% ethanol 
19 
(700 mL) for 6 hr. To the cooled solution potassium hydroxide 
(64 g) was added and the contents were refluxed for another 4 hrs. 
Most of the alcohol was evaporated in vacuo and the residue diluted 
with water, acidified with hydrochloric acid (dilute) and extracted 
with ether. The combined ether extrtacts were washed with water and 
dried over anhydrous Na2S04. After evaporation of the solvent, a 
mixture of a,B-unsaturated, 2-hydroxy and 2-ethoxy acids was 
obtained. 
The 2-hydroxy acid were separated from a,fi-unsaturated acid as 
copper chelate by treatment with cupric acetate in acetic acid and 
ehanol. The remaining two fractions obtained after removal of 
2-hydroxy acid were separated by silica gel column chromatography 
to furnish the individual components. Elution with petroleum ether-
diethyl ether (94:6;v/v) gave pure a,B-unsaturated acid as colour 
less product yield 52.0%. Crude product was recrystallized from 
petroleum ether-diethyl ether (75:25,v/v). 
(Z)-octadec-2-enoic acid m.p.58-59 °C, lit., m.p.58.5 °C. Analysis 
(Found: C,76.51; H,12.10%; Calcd. for C,8H3402 :C,76.54; H,12.13%). 
Reaction of (Z)-MethYloctadec-2-enoate (VI) with 
Methylchlorooximido acetate (XIII) : 
(Z)-Mehtyloctadec-2-enoate (VI, 1.48 g, 5 mmol), 
methylchlorooximido acetate (XIII, 0.688 g, 5 mmol), diethyl ether 
(15 mL) , triethylamine (0.7 mL, 5 mmol, in 10 mL of diethyl ether), 
column chromatography (petroleumether:diethyl ether 70:30 v/v) 
yield 48% of product XII, (found: C,66.43; H,9.75; N,3.50% C22H39O5N 
required C,66.50; H,9.82; N,3.53%) . IR(neat), 1735-1740(2 x COOCH3) / 
20 
1 5 8 5 cm ' (C=N-) ; NMRCCDClj) , 5 4 . 8 5 m ( I H , CH-CH) , 4 . 1 6 d (1H,CH-CH), 
II II 
O C- - C O 
\ll \\l 
N N 
3.89 s ,JH, COOCHJ) , 1.27 br s (28H, chain protons), 0.89 t (3H, 
CHj). Mass spectrum; m/z 397 M+, 368, 354, 340, 366, 338, 186, 154, 
142, 83. 
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C H A P T E R IV 
1 
THEORETICAL 
New synthetic insecticides are discovered in two ways. The 
first and most important, atleast until recent years, is discovery 
by accident, guided of course by past experience. The second is by 
exploration of groups of compounds related to logical method of 
synthesizing new insecticides is to combine certain chemical 
radicals of known value by linkage that may be expected to enhance 
toxic properties. 
In organochlorine insecticides of type II 'DDT' (dichloro 
diphenyl trichloro ethane) and BHC (benzene hexa chlorine) are most 
frequently used. DDT has been reported to be effective against more 
than one hudred well-known insect pests damaging crops and plants 
grown for man's benifit, e.g. bollworom, codlus moth, Colorado 
potatobeetle etc. DDT is not a cure - all. Some important pests not 
controlled by DDT include the mexican bee beetle, grass hopper 
(various species), cotton leaf-warm, etc. 
The widespread usage of the organic insecticides has resulted 
in the appearance of resistance in mosquitoes, German Cockroach, 
Cabbage Worms, Leaf Hoppers, Thrips, Aphids, Mites and Ticks. 
However, it remained for the widespread development of resistance 
by the housefly, Musca domestica to provide a conclusive 
demostration of the importance of the problems of insecticide 
resistance from agricultural and public health standpoints has 
stimulated a large volume of useful research into the formulation 
of different insecticide and sythesis of their derivatives. 
Extensive series of organic compounds were surveyed for their 
2 
general insecticidal value, especially in the period from 1917-1928 
by William Moore at the University of Minnesota, by C.H. 
Richardson, R.C Roark and R.T. Cotton of the U.S. Deparment of 
Agriculture and F.TafferfieLd of the Rothamsted Experiment Station 
in Engl? d. By means of such studies many of the chemical structure 
v.'hich wo 'd conxiribute to insecticidal effectiveness became more 
and more evident. However, as Oilman et al.' (1933) said "We are 
still at the empirical stage, and rather crude empiricaJ stage in 
many respects, in correlating chemical constitution with 
physiological action on practically all types of living things". In 
general, this statment still holds true. 
Literature survey revealed that many attempts have been made 
for the synthesis of new organic insecticide from 
4,4'-dichlorochalcone. This chalcone itself is cytotoxic on tumor 
cells\ Ilenry^  et al. sysnthesized 1,3-bis (4-chlorophenyl)-2-
propen-1-one gaunyhydrazone hydrochloride and analogs as 
antimalar ia1. 
R H 
CI ' { ) / C C — C (( )) Cl 
NNHC(:NH)NH HCl 
2 
Mulder^ et al. reported the sysnthesis of nnsecticidal 1-
(phenyl carbamoyl)-2-pyrazolines from substituted chalcone and 
tested against Leptinotarsa decemlineata. Pyrazoline derivatives^ 
of the chalcone were also reported as insecticides. Andrews" et al. 
prepard tuberculostatic hydrazones by treating chalcones with 
hydrazines. 
Ph 
\ 
N II 
N 
CCNHPm4 
Some new class of insecticides^l-phonylcarbamoyl-2-pyrazolines 
have ber-n synthesized and their insecticidal properties were 
evaluated on the larval stages of Aeedes aeqypti. Pieris brassicae 
and Leptinotarsa decemlineata. Recently the substituted 2-amino-
3,4-dihydropyridine derivatives were synthesized and they are used 
in drugs. 
R ( ) 
N 
N 
U N CO 
I 
R 
CI ( 
-<f )) CI 
N 
R N 
2 
N 
1 
C X 
R 
Beside the synthesis of insecticidal compounds many workers 
synthesized the derivatives of chalcone. Recently Bhasker" et al. 
synthesized 3-aroyl-4-aryl-2-pyrazolines. 
R M )) CR1 = CR2CR3=NNH "ir'^ 
N ,/ 
R 
"II 
N 
C 
II 
O 
NH 
R 
V.U. Orlov' et al. carried out the arylation of a,B-unsaturated 
ketones and prepared a number of chalcone analoge beside the 
cycloalkanones. 
CH(Ph) cncPhj 
O 
CH(Ph) CH(Ph) 
2 
5 
DISCUSSION 
The toxicity of hydrocarbons is in general increased when the 
following elements or radicals are introduced in to the molecule, 
CI, Br, 1, OH, SH, SOj, NO, and NH,. As evidenced from the litrature 
that most of the organochlorine compounds are potent insecticides 
pesticides and atitumor. Keeping in view the importance of basic 
organochlorine compounds efforts have been made for the search of 
some new or improved organochlorine compounds as derivatives of 
chalcone. 
Reaction of 4,4'-dichlorochalcone (I) with Chlorobenzene in the 
presence of Alxminiuro Trichloride : 
4,4 '-dichlorochalcone (I) and anhydrous aluminium chloride was 
disolved in carbon disulfide (CS^ ) and reacted with chlorobenzene 
at 10 "C to give the product (II) in good yield. 
CI 
CI / ( )> c cn=CH-v( j / ~ ' C i 
/ II 
o 
AlCl / ° "^ 
-^3 • 
f 
C l 
CH / V 
n 
I 
C l 
The elemetal composition of compound (II) corresponded to 
C„H,,OC1T IR spectrum showed the absorption at 1670-1675 for the 
6 
alkyl aryl ketone, another band at 1085 cm' is for the p-
chloroaromatic substitution. The NMR spectrum exhibited the doublet 
at S3.6 integrating for the two a-hydrogens. A triplet appeared at 
4.75 is integrated for one B-hydrogen. On the basis of the above 
data th-r- compound (II) was characterized as 1,3/3-tris (4-
chlorophenyl)-1-propanone. 
Mass spectral data supported the structure of the compound 
(II) by giving molecular ion peak at m/z 388 (Fig. 1) . Other 
structure revealing mass ions were observed at 139(M* - 249) as a 
base peak, 235(M^ - 153), Hl(139-CO) (Scheme. I). 
g-chlorination of l«3f3-tri3(4-chlorophenyl)-1-propanone (II) j 
1,3,3-tris(4-chlorophenyl)-1-propanone was added to the 
mixture of cupric chloride and lithium chloride dissolved in N,N-
dimehtyl formamide at 80-90 °C. The disappearence of the dark blue 
color of cupric chloride due to the reduction of cupric into 
cuprous indicates the formation of the product (III). 
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The compound (III) was anlyzed for C^ jHi^ OCl^ . The IR, bands at 
1680-1685 cm' shows the presence of a-haloketone, the band at 730 
is for C-Cl of the a-carbon. NMR spectrum showed the two structure 
revealing doublets at 64.75 and 5.96 for the protons of C-3 and a-
hydrogen respectively with J=ll Hz each, besides the usual signals 
of the benzene rings. On the basis of afore mention spectral and 
elemental analysis the product (III) was characterized as 2-chloro-
1,3,3-tris(4-chlorophenyl)-1-proanone. 
Mass spectrum of compound (III) strengthened the formulated 
structure by showing molecular ion peak at m/z 422 (Fig. 2) along 
with other peaks at 387(M' - 35), 235(M' - 187), 139(M' - 283), 
lll(139-CO) (Scheme II). 
React^io •• of 2-chloro-l, 3, 3-trls (4-chlorophenyl) -1 -propanone (III) 
with Souium bor"'hydride ; 
Carbonyl group of the 2-chloro-l,3,3-tris(4-chlorophenyl)-1-
propanone was reduced with sodium borohydride dissolved in diethyl 
ether to give the product fIV). 
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Elemental analysis of the compound (IV) was corresponded to 
C2|H,50Cl4. IR spectrum showed a broad band at 3350 cm' for the 
hydroxy1 group. NMR spectrum of the compound showed the diagonostic 
peaks at 52.36 as a broad singlet for hydroxyl group (DjO 
exchangeable). Another structure revealing peaks are at 4.92 as a 
doublet integrating for one proton of (-CH) another doublet for 
I 
OH 
-CH< is at 1.28. The central proton is appeared as double doublet 
at 4.57 i tegrating for one proton. Aromatic protons are at 7.41 d 
(6H, J„,ei,=8 Hz) an'i 7.30, d{6H, Jo^ ho-^  Hz). On the basis of the above 
analytical data compound (IV) was assigned the structure as 
2-chloro-l,3,3-tris(4-chlorophenyl)-1-propanol. 
Mass spectrum strongly support the assinged structure by 
giving the molecular ion peak at m/z 424 (Fig. 3) a-cleavage gave 
the base peak at 141 (M* - C|4H|(,Cl3) .Other important ion peaks are 
at 235(M+ - CsH^ OCl^ ) , 248 (283-CI2) , 111(141 - CH2O) , 165(235 - CI2) . 
Antimicrobial screening of compounds I, II, and III: 
Compounds I, II, and III were subjected to antimicrobial 
activity screening against 9 species of Fungi, one species of 
Actinomycetes and 6 species of Bacteria, using poisoned food 
technigue. 
The results taken after 7 days and 15 days , predicts the 
growth inhibition of the micro-organisms at higher concentrations. 
The results are listed in Table I. 
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EXPERIMENTAL 
Condensation of p-chlorobenzaldehyde and p-chloroacetophenone. 
Preparation of 4,4'-dichlorochalcone (I) : 
p-Chlorobezaldehyde (21.075 g, 0.15 mol) and 
p-chloroacetophenone (19.44 mL, 0.15 mol) were mixed with NaOH 
(9 g) dissolved in (75 mL) of water and ethanol (45 mL) with 
vigorous stirring at below 20 °C. The yellow solid 4,4'-
dichlorocchalcone obtained was washed with cold water untill the 
filterate was neutral and air dried. The solid was recrystallized 
from benzene as yellow needles. Yield (90%) m.p. 159 C (reported 
154-157 °C) . Analysis (Found C,64.90; H,3.58; CijHioOCl^  required 
C,64.98; H,3.61%). IR (KBr) 1655 cm"' (-CH=CH-C-) 
II 
O 
Reaction of 4,4'-dichlorochalcone (I) with Chlorobenzene in the 
presence of Aluminium Trichloride ; 
To a mixture of 4,4'-dichlorochalcone (27.7 g, 0.1 mol) and 
anhydrous aluminium chloride (40.05 g, 0.3 mol) dissolved in carbon 
disulfide (100 mL) , chlorobenzene (11.25 g, 0.1 mol) was added 
slowly with vigorous stirring at below 10 °C. After complete 
addition the reaction mixture was stirred further for 30 minutes. 
The resulting yellow solution was poured on to crushed ice with 
stirring and extracted with ethylacetate. Solvent was evaporated 
and recry. .allized from acetone. Yield 60% of product (II). m.p. 
154-155 °c. Analysis (Found C,64.90; H,3.85; required for C^ iHisOCl,; 
C,64.94; H,3.86%). IR (KBr) : 1670-1675 -C-), 1585, 1485 (aromatic 
II 
O 
double bond), 1085 cm' (p-Cl) . NMR (CDCI3) : 57.85 (d, 6H, J„„^ =8 Hz); 
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7.41 (d, 6H, Jortho"-3 Hz); 4.75 (t, IH, J,-7 Hz, J.f=l Hz, -CH-) ; 3.6 
(d, 2H -CHj-) . Mass spectrum m/z 388 M+, 355, 353, 241, 237, 235, 
141, 139, 111. 
g-chlorination of l.3«3-tri3(4-chlorophenYl)-1-propanone (II) : 
1,3,3-tris(4-chlorophenyl)-1-propanone (II) (1.168 g 3 mmol) 
was added after 30 minutes heating up to 80-90 °C in a glycerine 
bath to the mixture of Cupric chloride (1.23 g, 7.2 mmol) and 
Lithium chloride (217 g, 3.6 mmol) dissolved in 20 mL of freshly 
distilled Dimethyl formamide (DMF) . Stirring was carried out up to 
one hour. When the dark blue color of the reaction mixture was 
decolorized it was pourd on to crushed ice with stirring and 
extracted with diehtyl ether. Solvent was evaporated and crude 
product was recrystallized from acetone. Yield 90% of product 
(III), m.p. 150 °C. Analysis (Found C, 59.52; H, 3.28; required for 
C2,H,40Cl4; C, 59.71; H, 3.31%). IR (KBr) , 1680-1685 (a-haloketone) , 
1585, 1485 (aromatic ring double bonds), 1085 cm' (p-Cl). NMR 
(CDCI3) 57.8 5 (d, 6H, J,„,^ =8 Hz), 7.41 (d, 6H, J„,h,o=8 Hz), 5.69 (d, 
IH, J=ll Hz, -C-CH-), 4.75 (d, J=ll Hz -CH<). 
II I 
O CI 
Mass spectrum m/z 422 M+, 387, 241, 237, 235, 141, 139, 111. 
Reaction of 2-chloro-l#3,3-tris(4-chlorophenvl)-1-propanone (III) 
with Sodium borohydride : 
2-Chloro-l,3,3-tris(4-chlorophenyl)-1-propanone (III) (1.275 
g, 3 mmol) was dissoloved in 50 mL of diethyl ether, to this sodium 
boro hydride (NaBH4) (0.115 g) was added in portions. Water (150 mL) 
was added and acidified with IN hydrochloric acid, extracted with 
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diethyl ether, dried over Na2S04. Solvent was evaporated and crude 
product was recrystallized from benzene:acetone. Yield 95% m.p. 
152-153 "C of compound (IV). Analysis (Found C, 59.40; H, 3.69; 
C21H1JOCI4 required C, 59.44; H, 3.77%). IR (Nujol) 3350 cm' (-0H) , 
1580, 1485 (aromatic double bonds), 1085 (p-Cl) . NMR (CDCI3) 57.41 
(d, 6H, J„,^ =8 Hz), 7.30 (d, 6H J<^ ,=8 Hz) , 4.92 (d, IH, 
-CH-), 4.57 (dd, IH, -CH-CH-CH<), 2.36 (br, s, IH, -OH, DjO 
I I I 
OH HO CI 
exchangeable), 1.28 (d, IH, -CH<) . Mass spectrum m/z 424 M"*", 426 
(M-^+2), 428 (M"'+4), 250, 248, 235, 165, 141, 125, 111, 77. 
Antimicrobial activity : 
The antimicrobial activity of compounds I, II and III were assesed 
against Fungi, Bacteria and Actinomycetes using poisoned food 
technique. 
Various concentrations in the range from 100-1000 ppm were prepared 
in ethanol:carbon tetrachloride (1:1) and mixed in czepacks dox 
agar (Fungi) and nutrient agar (Bacteria and Actinomycetes) . The 
plates were poured, inoculated and incubated at 28 °C ±1 °C 
(Fungi) , 25 °C ±1 "C (Actinomycetes) and 35 °C ±1 "C (Bacteria) . 
The results were taken by measuring their radial growth after 7 
days and 15 days and listed in Table I. 
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